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ADVERTISEMENT.

In connection with the system of meteorological observations established by

the Smithsonian Institution about 1850, a series of meteorological tables was

compiled by Dr. Arnold Guyot, at the request of Secretary Henry, and the first

edition was published in 1852. Though primarily designed for meteorological

observers reporting to the Smithsonian Institution, the tables were so widely used

by physicists that it seemed desirable to recast the work entirely. It was decided

to publish three sets of tables, each representative of the latest knowledge in its

field, and independent of one another, but forming a homogeneous series. The
first of the new series. Meteorological Tables, was published in 1893, ^^^ second,

Geographical Tables, in 1894, and the third. Physical Tables, in 1896. In 1909

yet another volume was added, so that the series now comprises : Smithsonian

Meteorological Tables, Smithsonian Geographical Tables, Smithsonian Physical

Tables, and Smithsonian Mathematical Tables.

The fourteen years which had elapsed in 19 10 since the publication of the first

edition of the Physical Tables, prepared by Professor Thomas Gray, had brought

such changes in the material upon which the tables must be based that it became

necessary to'iiiake a radical revision for the Sth revised edition issued in 1910,

That revision has been still further continued for the present sixth edition.

Charles D. Walcott,
' Secretary of the Smithsonian Institution,

jfune, 19 1 4.



PREFACE TO THE 5th REVISED EDITION.

The present Smithsonian Physical Tables are the outcome of a radical revision

of the set of tables compiled by Professor Thomas Gray in 1896. Recent data

and many new tables have been added for which the references to the sources

have been made more complete ; and several mathematical tables have been

added, — some of them especially computed for this work. The inclusion of these

mathematical tables seems warranted by the demand for them. In order to pre-

serve a uniform change of argument and to facilitate comparison, many of the

numbers given in some tables have been obtained by interpolation in the data

actually given in the papers quoted.

Our gratitude is expressed for many suggestions and for help in the improve-

ment of the present edition : to the U. S. Bureau of Standards for the revision of

the electrical, magnetic, and metrological tables and other suggestions ; to the

U. S. Coast and Geodetic Survey for the revision of the magnetic and geodetic

tables ; to the U. S. Geological Survey for various data ; to Mr. Van Orstrand for

several of the mathematical tables j to Mr. Wead for the data on the musical

scales ; to Mr. Sosman for the new physical-chemistry data ; to Messrs. Abbot,

Becker, Lanza, Rosa, and Wood ; to the U. S. Bureau of Forestry and to others.

We are also under obligation to the authors and publishers of Landolt-Bornstein-

Meyerhoifer's Physikalisch-chemische Tabellen (1905) and B. O. Peirce's Mathe-

matical Tables for the use of certain tables.

It is hardly possible that any series of tables involving so much transcribing,

interpolation, and calculation should be entirely free from errors, and the Smith-

sonian Institution will be grateful, not only for notice of whatever errors may be

found, but also for suggestions as to other changes which may seem advisable for

later editions.

F. E. FowLE.

ASTROPHYSICAL OBSERVATORY
OF THE Smithsonian Institution,

/une, 1910

PREFACE TO THE 6th REVISED EDITION.

The revision commenced for the fifth edition has been continued ; a large pro-

portion of the tables have been rechecked, typographical errors corrected, later

data inserted and many new tables are added, including among others a new set of

wire tables from advance sheets courteously given by the Bureau of Standards,

new mathematical tables computed by Mr. Van Orstrand and those on Rontgen

rays and radioactivity. The number of tables has been increased from 335 to

over 400. We express our gratitude to the Bureau of Standards, to the Geophysical

Laboratory, the Geological Survey, and to those who have helped through sug-

gested improvements, new data, or by calling our attention to errors in the earlier

editions.

F. E. FowLE.
ASTROPHYSICAL OBSERVATORY

OF THE Smithsonian Institution,

October, 19 13.
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INTRODUCTION.

UNITS OF MEASUREMENT AND CONVERSION FORMULAE.

Units.— The quantitative measure of anything is a number which expresses the

ratio of the magnitude of the thing to the magnitude of some other thing of the

same kind. In order that the number expressing the measure may be intelligi-

ble, the magnitude of the thing used for comparison must be known. This leads

to the conventional choice of certain magnitudes as units of measurement, and

any other magnitude is then simply expressed by a number which tells how many

magnitudes equal to the unit of the same kind of magnitude it contains. For

example, the distance between two places may be stated as a certain number of

miles or of yards or of feet. In the first case, the mile is assumed as a known

distance ; in the second, the yard, and in the third, the foot. What is sought for

in the statement is to convey an idea of the distance by describing it in terms of

distances which are either familiar or easily referred to for comparison. Similarly

quantities of matter ate referred to as so many tons or pounds or grains and so

forth, and intervals of time as a number of hours or minutes or seconds. Gen-

erally in ordinary affairs such statements appeal to experience ; but, whether this

be so or not, the statement must involve some magnitude as a fundamental quan-

tity, and this must be of such a character that, if it is not known, it can be readily

referred to. We become familiar with the length of a mile by walking over dis-

tances expressed in miles, with the length of a yard or a foot by examining a yard

or a foot measure and comparing it with something easily referred to,— say our

own height, the length of our foot or step,— and similarly for quantities of other

kinds. This leads us to be able to form a mental picture of such magnitudes

when the numbers expressing them are stated, and hence to follow intelligently

descriptions of the results of scientific work. The possession of copies of the

units enables us by proper comparisons to find the magnitude-numbers express-

ing physical quantities for ourselves. The numbers descriptive of any quan-

tity must depend on the intrinsic magnitude of the unit in terms of which it is

described. Thus a mile is 1760 yards, or 5280 feet, and hence when a mile is

taken as the unit the magnitude-number for the distance is i, when a yard is taken

as the unit the magnitude-number is 1760, and when afoot is taken it is 5280.

Thus, to obtain the magnitude-number for a quantity in terms of a new unit when

it is Already known in terms of another we have to multiply the old magnitude-

number by the ratio of the intrinsic values of the old and new units
;
that is, by

the number of the pfew units required to make one of the old.
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Fundamental Units of Length and Mass.— It is desirable that as few

different kinds of unit quantities as possible should be introduced into our measure-

ments, and since it has been found possible and convenient to express a large

number of physical quantities in terms of length or mass or time units and com-

binations of these, they have been very generally adopted as fundamental units.

Two systems of such units are used in this country for scientific measurements,

namely, the customary, and the French or metric, systems. Tables of conversion

factors are given in the book for facilitating comparisons between quantities ex-

pressed in terms of one system with similar quantities expressed in the other. In

the customary system the standard unit of length is the yard and is now defined

as 3600/3937 meter. The unit of mass is the avoirdupois pound and is defined

as 1/2.20462 kilogram.

The British yard is defined as the " straight line or distance (at 62° F.) between

the transverse lines in the two gold plugs in the bronze bar deposited in the office

of the exchequer." The British standard of mass is the pound avoirdupois and

is the mass of a piece of platinum marked "P. S. 1844, i lb.," preserved in the

exchequer office.

In the metric system the standard of length is the meter and is defined as the

distance between two lines at 0° Centrigrade on a platinum iridium bar deposited

at the International Bureau of Weights and Measures. This bar is known as the

International Prototype Meter, and its length was derived from the " mhtre des

Archives," which was made by Borda. Copies of the International Prototype

Meter are possessed by the various governments, and are called " National

Prototypes."

Borda, Delambre, Laplace, and others, acting as a committee of the French

Academy, recommended that the standard unit of length should be the ten mil-

lionth part of the length, from the equator to the pole, of the meridian passing

through Paris. In 1795 the French Republic passed a decree making this the

legal standard of length, and an arc of the meridian extending from Dunkirk to

Barcelona was measured by Delambre and Mechain for the purpose of realizing

the standard. From the results of that measurement the meter bar was made
by Borda. The meter is not now defined in terms of the meridian length, and
hence subsequent measurements of the length of the meridian have not affected

the length of the meter.

The metric standard of mass is the kilogram and is defined as the mass of a

piece of platinum-iridium deposited at the International Bureau of Weights and
Measures. This standard is known as the International Prototype Kilogram.

Its mass is equal to that of the older standard, the "kilogramme des Archives "

made by Borda and intended to have the same mass as a cubic decimeter of dis-

tilled water at the temperature of 4° C. Copies of the International Prototype

Kilogram are possessed by the various governments, and as in the case of the

meter standards are called National Prototypes,
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Comparisons of the French and customary standards are given in tabular form
in Table 2 j and similarly Table 3, differing slightly, compares the British and
French systems. In the metric system the decimal subdivision is used, and thus

we have the decimeter, the centimeter, and the millimeter as subdivisions, and
the dekameter, hektometer, and kilometer as multiples. The centimeter is most
commonly used in scientific work.

Time.— The unit of time in both the systems here referred to is the mean
solar second, or the 86,400th part of the mean solar day. The unit of time is

thus founded on the average time required for the earth to make one revolution

on its axis relatively to the sun as a fixed point of reference.

Derived Units. — Units of quantities depending on powers greater than unity

of the fundamental length, mass, and time units, or on combinations of different

powers of these units, are called " derived units.'' Thus, the unit of area and of

volume are respectively the area of a square whose side is the unit of length and

the volume of a cube whose edge is the unit of length. Suppose that the area of

a surface is expressed in terms of the foot as fundamental unit, and we wish to

find the area-number when the yard is taken as fundamental unit. The yard is

3 times as long as the foot, and therefore the area of a square whose side is a

yard is 3 X 3 times as great as that whose side is a foot. Thus, the surface will

only make one ninth as many units of area when the yard is the unit of length as

it will make when the foot is that unit. To transform, then, from the foot as old

unit to the yard as new unit, we have to multiply the old area-number by 1/9, or by

the ratio of the magnitude of the old to that of the new unit of area. This is the

same rule as that given above, but it is usually more convenient to express the

transformations in terms of the fundamental units directly. In the above case,

since on the method of measurement here adopted an area-number is the product

of a length-number by a length-number the ratio of two units is the square of the

ratio of the intrinsic values of the two units of length. Hence, if / be the ratio

of the magnitude of the old to that of the new unit of length, the ratio of the cor-

responding units of area is P. Similarly the ratio of two units of volume will be

P, and so on for other quantities.

Dimensional Formulae.— It is convenient to adopt symbols for the ratios

of length units, mass units, and time units, and adhere to their use throughout

;

and in what follows, the small letters, /, »z, t, will be used for these ratios. These

letters will always represent simple numbers, but the magnitude of the number

will depend on the relative magnitudes of the units the ratios of which they repre-

sent. When the values of the numbers represented by /, m, t are known, and the

powers of /, m, and / involved in any particular unit are also known, the factor for

transformation is at once obtained. Thus, in the above example, the value of /

was 1/3 and the power of / involved in the expression for area is P \ hence, the

factor for transforming from square feet to square yards is 1/9. These factors
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have been called by Prof. James Thomson "change ratios," which seems an

appropriate term. The term "conversion factor" is perhaps more generally

known, and has been used throughout this book.

Conversion Factor.— In order to determine the symbolic expression for the

conversion factor for any physical quantity, it is sufficient to determine the degree

to which the quantities length, mass, and time are involved in the quantity. Thus,

a velocity is expressed by the ratio of the number representing a length to that

representing an interval of time, or L/T, an acceleration by a velocity-number

divided by an interval of time-number, or L/T^, and so on, and the correspond-

ing ratios of units must therefore enter to precisely the same degree. The fac-

tors would thus be for the above cases, Ijt and Ijfi. Equations of the form above

given for velocity and acceleration which show the dimensions of the quantity in

terms of the fundamental units are called " dimensional equations." Thus

E= ML=T-=

is the dimensional equation for energy, and ML'T~' is the dimensional formula

for energy.

In general, if we have an equation for a physical quantity

Q=CL"M'T'',

where C is a constant and LMT represents length, mass, and time in terms of one

set of units, and we wish to transform to another set of units in terms of which

the length, mass, and time are L;M,T;, we have to find the value of —',—',=/, which

in accordance with the convention adopted above will be I m i, or the ratios of

the magnitudes of the old to those of the new units.

Thus L(= L/, M;= M»2, T^^ It, and if Q; be the new quantity-number

Q;= CL^-M/T;"

or the conversion factor is Pni'f, a quantity of precisely the same form as the

dimension formula L°M''T°.

We now proceed to form the dimensional and conversion factor formulae for

the more commonly occurring derived units.

1. Area. — The unit of area is the square the side of which is measured by

the unit of length. The area of a surface is therefore expressed as

S= CL'-',

where C is a constant depending on the shape of the boundary of the surface

and L a linear dimension. For example, if the surface be square and L be the

length of a side C is unity. If the boundary be a circle and L be a diameter

C= ir/4, and so on. The dimensional formula is thus L*, and the conversion

factor P.

2. Volume. — The unit of volume is the volume of a cube the edge of which

is measured by the unit of length. The volume of a body is therefore expressed as



INTRODUCTION, Xxi

V = CL»,

where as before C is a constant depending on the shape of the boundary. The
dimensional formula is L' and the conversion factor /'-

3. Density.— The density of a substance is the quantity of matter in the unit

of volume. The dimension formula is therefore M/V or ML~», and conversion

factor ml~*.

Example.— The density of a body is 150 in pounds per cubic foot: required

the density in grains per cubic inch.

Here m is the number of grains in a pound= 7000, and / is the number of

inches in a foot= 12 ; .-. /«/"':= 7000/1 2'= 4.051. Hence the density is 150 X
4.051 =607.6 in grains per cubic inch.

Note. — The specific gravity of a body is the ratio of its density to the density of a standard

substance. The dimension formula and conversion factor are therefore both unity.

4. Velocity.— The velocity of a body at any instant is given by the equation

V= -—, or velocity is the ratio of a length-number to a time-number. The di-

mension formula is LT"'', and the conversion factor //"'.

Example.— A train has a velocity of 60 miles an hour : what is its velocity in

feet per second t

Here /^ 1:280 and ^= 3600 ;
.". lt~'--=S-^— i^l^:^ 1.467. Hence the velo-

3600 30

city= 60 X 1-467= 88.0 in feet per second.

5. Angle.— An angle is measured by the ratio of the length of an arc to the

length of the radius of the arc. The dimension formula and the conversion

factor are therefore both unity.

6. Angular Velocity.— Angular velocity is the ratio of the magnitude of the

angle described in an interval of time to the length of the interval. The dimen-

sion formula is therefore T~^ and the conversion factor is t~'^.

7. Linear Acceleration. — Acceleration is the rate of change of velocity or

a= —- The dimension formula is therefore VT""' or LT~', and the conversion
at

factor is llr\

Example.— A body acquires velocity at a uniform rate, and at the end of one

minute is moving at the rate of 20 kilometers per hour: what is the acceleration

in centimeters per second per second ?

Since the velocity gained was 20 kilometers per hour in one minute, the accel-

eration was 1200 kilometers per hour per hour.

Here /= 100 000 and ^=3600 ; .•. /^"^= ioo 000/3600^=.00771, and there-

fore acceleration =1.00771 X 1200= 9.26 centimeters per second.

8. Angular Acceleration.— Angular acceleration is rate of change of angu-
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lar velocity. The dimensional formula is thus
angular^yelocity

^^
r^,^

^^^ ^j^^

conversion factor t~\

9. Solid Angle. — A solid angle is measured by the ratio of the surface of

the portion of a sphere enclosed by the conical surface forming the angle to the

square of radius of the spherical surface, the centre of the sphere being at the

vertex of the cone. The dimensional formula is therefore ——- or i, and hence

the conversion factor is also i.

10. Curvature.— Curvature is measured by the rate of change of direction of

the curve with reference to distance measured along the curve as independent

variable. The dimension formula is therefore ,^"^
f or L~\ and the conversion

length

factor is /~^.

11. Tortuosity. — Tortuosity is measured by the rate of rotation of the tan-

gent plane round the tangent to the curve of reference when length along the

curve is independent variable. The dimension formula is therefore =

—

^—^ or^
length

L~\ and the conversion factor is /"'.

12. Specific Curvature of a Surface.— This was defined by Gauss to be.

at any point oE the surface, the ratio of the solid angle enclosed by a surface

formed by moving a normal to the surface round the periphery of a small area

containing the point, to the magnitude of the area. The dimensional formula is

therefore — £— or L~^, and the conversion factor is thus t'^.
surtace

13. Momentum.— This is quantity of motion in the Newtonian sense, and is,

at any instant, measured by the product of the mass-number and the velocity-

number for the body.

Thus the dimension formula is MV or MLT~^, and the conversion factor m/i~'^.

Example.— A mass of 10 pounds is moving with a velocity of 30 feet per sec-

ond: what is its momentum when the centimeter, the gram, and the second are

fundamental units ?

Here »«= 453-59. /= 30-48. and t^=\; .-. /«/;r»= 453.59 X 3°-48= 13825.

The momentum is thus 13825 X 10 X 30 :^ 4 147 500.

14. Moment of Momentum.— The moment of momentum of a body with

reference to a point is the product of its momentum-number and the number

expressing the distance of its line of motion from the point. The dimensional

formula is thus ML^T~^, and hence the conversion factor is mP^^.

15. Moment of Inertia. — The moment of inertia of a body round any axis

is expressed by the formula %mr^, where m is the mass of any particle of the body
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and r its distance from the axis. The dimension formula for the sum is clearly

the same as for each element, and hence is ML''. The conversion factor is there-

fore mP.

i6. Angular Momentum. — The angular momentum of a body round any

axis is the product of the numbers expressing the moment of inertia and the

angular velocity of the body. The dimensional formula and the conversion fac-

tor are therefore the same as for moment of momentum given above.

17. Force.— A force is measured by the rate of change of momentum it is

capable of producing. The dimension formulae for force and " time rate of

change of momentum " are therefore the same, and are expressed by the ratio

of momentum-number to time-number or MLT"''. The conversion factor is thus

Note.— When mass is expressed in pounds, length in feet, and time in seconds, the unit force

is called the poundal. When grams, centimeters, and seconds are the corresponding units the unit

of force is called the dyne.

Example. Find the number of dynes in 25 poundals.

Here m = 453-59. ^= 3o-48, and/=i; .-. »?//-''= 453.59 X 30-48= 13825

nearly. The number of dynes is thus 13825 X 25 ^345625 approximately.

18. Moment of a Couple, Torque, or Twisting Motive.— These are dif-

ferent names for a quantity which can be expressed as the product of two numbers

representing a force and a length. The dimension formula is therefore FL or

ML'T~^, and the conversion factor is mPt~'^.

19. Intensity of a Stress.— The intensity of a stress is the ratio of the num-

ber expressing the total stress to the number expressing the area over which the

stress is distributed. The dimensional formula is thus FL~^ or ML~^T~'', and the

conversion factor is ml~H~^.

20. Intensity of Attraction, or " Force at a Point."— This is the force of

attraction per unit mass on a body placed at the point, and the dimensional for-

mula is therefore FM~^ or LT"", the same as acceleration. The conversion fac-

tors for acceleration therefore apply.

21. Absolute Force of a Centre of Attraction, or " Strength of a Cen-

tre."— This is the intensity of force at unit distance from the centre, and is there-

fore the force per unit mass at any point multiplied by the square of the distance

from the centre. The dimensional formula thus becomes FL"M~^ or L'T^l The

conversion factor is therefore Pir\

22. Modulus of Elasticity.— A modulus of elasticity is the ratio of stress

intensity to percentage strain. The dimension of percentage strain is a length

divided by a length, and is therefore unity. Hence, the dimensional formula of a

modulus oE elasticity is the same as that of stress intensity, or ML~^T~', and the

conversion factor is thus also ml~H-'^.
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23. Work and Energy.— When the point of application of a force, acting on

a body, moves in the direction of the force, work is done by the force, and the

amount is measured by the product of the force and displacement numbers. The
dimensional formula is therefore FL or ML^T"".
The work done by the force either produces a change in the velocity of the body

or a change of shape or configuration of the body, or both. In the first case it

produces a change of kinetic energy, in the second a change of potential energy.

The dimension formulae of energy and work, representing quantities of the same

kind, are identical, and the conversion factor for both is mPt~^.

24. Resilience.— This is the work done per unit volume of a body in distort-

ing it to the elastic limit or in producing rupture. The dimension formula is there-

fore ML=T-=L-» ov ML-iT-^ and the conversion factor ml-^f^

25. Power, or Activity.— Power— or, as it is now very commonly called, ac-

tivity— is defined as the time rate of doing work, or ifW represent work and P power

P = ^- . The dimensional formula is therefore WT~^ or ML*!"*, and the con-
at

version factor mPt~^, or for problems in gravitation units more conveniently^/"^,

where/stands for the force factor.

Examples, (a) Find the number of gram centimeters in one foot pound.

Here the units of force are the attraction of the earth on the pound * and
the gram of matter, and the conversion factor is Ji, where / is 453.59 and / is

30.48.

Hence the number is 453.59 X 30.48 = 13825.

(b) Find the number of foot poundals in i 000 000 centimeter dynes.

Here m = i/4S3-S9. ^= 1/30-48, and /= i ;
.-. mPi-^= i/453-59 X 30-48',

and io^mP/-'= 107453.59 X 30-48'= 2.373.

(c) If gravity produces an acceleration of 32.2 feet per second per second, how
many watts are required to make one horse-power .'

One horse-power is 550 foot pounds per second, or 550 X 32.2 = 17710 foot

poundals per second. One watt is 10' ergs per second, that is, 10' dyne centi-

meters per second. The conversion factor is w/^r", where »«=: 453.59, /= 30.48,
and /^ I, and the result has to be divided by 10', the number of dyne centime-
ters per second in the watt.

Hence, i77ioA«/'r7io'= 17710X 453-S9 X 30-48710'= 746.3.

(li) How many gram centimeters per second correspond to 33000 foot pounds
per minute ?

The conversion factor suitable for this case is//-\ where/is 453.59, /is 30.48,
and / is 60.

Hence, 33000 //-»= 33000 X 453-59 X 30.48/60= 7 604 000 nearly.

* It is important to remember that in problems like that here given the term " pound " or
" gram " refers to force and not to mass.
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HEAT UNITS.

1. If heat be measured in dynamical units its dimensions are the same as those

of energy, namely ML"T~'. The most common measurements, however, are

made in thermal units, that is, in terms of the amount of heat required to raise

the temperature of unit mass of water one degree of temperature at some stated

temperature. This method of measurement involves the unit of mass and some

unit of temperature ; and hence, if we denote temperature-numbers by ® and their

conversion factors by 6, the dimensional formula and conversion factor for quan-

tity of heat will be M© and mO respectively. The relative amount of heat com-

pared with water as standard substance required to raise unit mass of different

substances one degree in temperature is called their specific heat, and is a simple

number.

Unit volume is sometimes used instead of unit mass in the measurement of

heat, the units being then called thermometric units. The dimensional formula

is in that case changed by the substitution of volume for mass, and becomes L°©,

and hence the conversion factor is to be calculated from the formula P6.

For other physical quantities involving heat we have :
—

2. Coefficient of Expansion.— The coefficient of expansion of a substance

is equal to the ratio of the change of length per unit length (linear), or change

of volume per unit volume (voluminal) to the change of temperature. These

ratios are simple numbers, and the change of temperature is inversely as the mag-

nitude of the unit of temperature. Hence the dimensional and conversion-factor

formulae are 0~^ and &~^.

3. Conductivity, or Specific Conductance.— This is the quantity of heat

transmitted per unit of time per unit of surface per unit of temperature gradient.

The equation for conductivity is therefore, with H as quantity of heat,

@
^L^T

and the dimensional formula^=^v which gives w^V-' for conversion factor.

In thermometric units the formula becomes VT'^, which properly represents

diffusivity. In dynamical units H becomes ML^T-", and the formula changes to

MLT-'©-^ The conversion factors obtained from these are /^/~* and mli~*&~^

respectively.
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4. Thermal Capacity. — This is the product of the number for mass and

the specific heat, and hence the dimensional formula and conversion factor are

simply M and m.

5. Latent Heat.— Latent heat is the ratio of the number representing the

quantity of heat required to change the state of a body to the number represent-

ing the quantity of matter in the body. The dimensional formula is therefore

M0/M or 0, and hence the conversion factor is simply the ratio of the tempera-

ture units or Q. In dynamical units the factor is Pt~^.*

6. Joule's Equivalent. — Joule's dynamical equivalent is connected virith

quantity of heat by the equation

ML''T-== JHor JM0.

This gives for the dimensional formula of J the expression L^T"'^"^. The conver-

sion factor is thus represented by Pt~''^Q~^. When heat is measured in dynamical

units J is a simple number.

7. Entropy.— The entropy of a body is directly proportional to the quantity

of heat it contains and inversely proportional to its temperature. The dimen-

sional formula is thus M0/© or M, and the conversion factor is m. When heat is

measured in dynamical units the factor is mP'i~^d^^.

Examples, {a) Find the relation between the British thermal unit, the calorie,

and the therm.

Neglecting the variation of the specific heat of water with temperature, or de-

fining all the units for the same temperature of the standard substance, we have

the following definitions. The British thermal unit is the quantity of heat required

to raise the temperature of one pound of water 1° F. The calorie is the quan-

tity of heat required to raise the temperature of one kilogramme of watsr 1° C.

The therm is the quantity of heat required to raise the temperature of one gramme
of water 1° C. Hence :

—
(i) To find the number of calories in one British thermal unit, we have

»«= -45359 and 6l= f ;
.-. »z6i= .45359 X 5/9= .25 199.

(2) To find the number of therms in one calorie, m^^\ooo and 6=1;
.•. md= 1000.

It follows at once that the number of therms in one British thermal unit is

1000 X .25199= 251.99.

(d) What is the relation between the foot grain second Fahrenheit-degree and
the centimetre gramme second Centigrade-degree units of conductivity ?

The number of the latter units in one of the former is given by the for-

» It will be noticed that when is given the dimension formula L^T-'^ the formulse in thermal

and dynamical units are always identical. The thermometric units practically suppress mass.
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mula ml-H~'^6°, where »z^.064 799, /= 30.48, and ^=1, and is therefore=
.064799/30.48 = 2.126 X io~^.

(<r) Find the relation between the units stated in {b) for emissivity.

In this case the conversion formula is ml^H"'^, where ot/ and t have the

same value as before. Hence the number of the latter units in the former is

0.064 799/3o.48'^= 6.97s X io-°.

(d) Find the number of centimeter gram second units in the inch grain

hour unit of emissivity.

Here the formula is ml~H~^, where »?= 0.064 799, ^^2.54, and /:=36oo.

Therefore the required number is 0.064 799/2. 54'-' X 3600= 2.790 X io~°.

(f) If Joule's equivalent be 776 foot pounds per pound of water per degree

Fahrenheit, what will be its value in gravitation units when the metre, the

kilogramme, and the degree Centigrade are units ?

The conversion factor in this case is ,-., or 10~'^, where / = .3048 and

r-' = i.8; .-. 776 X .3048 X 1.8 = 425.7.

(/) If Joule's equivalent be 24832 foot poundals when the degree Fahren-

heit is unit of temperature, what will be its value when kilogram meter second

and degree-Centigrade units are used ?

The conversion factor is Pr'd-\ where /= .3048, t =1, and «"' = 1.8 ;

,-. 24832 X /=r'(?-' = 24832 X .3048' X 1.8 = 4152.5.

In gravitation units this would give 4152. 5/9. 81 =423.3.

ELECTRIC AND MAGNETIC UNITS.

There are two systems of these units, the electrostatic and the electromagnetic

systems, which differ from each other because of the different fundamental suppo-

sitions on which they are based. In the electrostatic system the repulsive force

between two quantities of static electricity is made the basis. This connects force,

quantity of electricity, and length by the equation/= a ^,where / is force, a a

quantity depending on the units employed and on the nature of the medium, q and

qi quantities of electricity, and / the distance between q and q,. The magnitude of

the force / for any particular values of q, q^ and / depends on a property of the

medium across which the force takes place called its inductive capacity. The in-

ductive capacity of air has generally been assumed as unity, and the inductive

capacity of other media expressed as a number representing the ratio of the induc-

tive capacity of the medium to that of air. These numbers are known as the spe-

cific inductive capacities of the media. According to the ordinary assumption,

then, of air as the standard medium, we obtain unit quantity of electricity when

in the above equation ?= f„ and/ a, and / are each unity. A formal definition

is given below.

In the electromagnetic system the repulsion between two magnetic poles or
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quantities of magnetism is taken as the basis. In this system the quantities force,

quantity of magnetism, and length are connected by an equation of the form

where m and W2; are in this case quantities of magnetism, and tlie other symbols

have the same meaning as before. In this case it has been usual to assume the

magnetic inductive capacity of air to be unity, and to express the magnetic induc-

tive capacity of other media as a simple number representing the ratio of the in-

ductive capacity of the medium to that of air. These numbers, by analogy with

specific inductive capacity for electricity, might be called specific inductive capac-

ities for magnetism. They are usually called permeabilities. {Vide Thomson,
" Papers on Electrostatics and Magnetism," p. 484.) In this case, also, like that

for electricity, the unit quantity of magnetism is obtained by making m ;= m/, and

f, a, and / each unity.

In both these cases the intrinsic inductive capacity of the standard medium is

suppressed, and hence also that of all other media. Whether this be done or not,

direct experiment has to be resorted to for the determination of the absolute val-

ues of the units and the relations of the units in the one system to those in the

other. The character of this relation can be directly inferred from the dimen-

sional formulae of the different quantities, but these can give no information as to

the relative absolute values of the units in the two systems. Prof. Riicker has

suggested (Phil. Mag. vol. 27) the advisability of at least indicating the exist-

ence of the suppressed properties by putting symbols for them in the dimensional

formulae. This has the advantage of showing how the magnitudes of the different

units would be affected by a change in the standard medium, or by making the

standard medium different for the two systems. In accordance with this idea, the

symbols K and P have been introduced into the formulae given below to represent

inductive capacity in the electrostatic and the electromagnetic systems respectively.

In the conversion formulae k and/ are the ordinary specific inductive capacities

and permeabilities of the media when air is taken as the standard, or generally

those with reference to the first medium taken as standard. The ordinary for-

mulae may be obtained by putting K and P equal to unity.

ELECTROSTATIC UNITS.

I. Quantity of Electricity.— The unit quantity of electricity is defined as

that quantity which if concentrated at a point and placed at unit distance from an

equal and similarly concentrated quantity repels it, or is repelled by it, with unit

force. The medium or dielectric is usually taken as air, and the other units in ac-

cordance with the centimeter gram second system.

In this case we have the force of repulsion proportional directly to the square

of the quantity of electricity and inversely to the square of the distance between

the quantities and to the inductive capacity. The dimensional formula is there-

fore the same as that for [force X length'' X inductive capacity]* or M*L'T~^K*,

and the conversion factor is »?V'/~^^*.
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2. Electric Surface Density and Electric Displacement.— The density

of an electric distribution at any point on a surface is measured by the quantity

per unit of area, and the electric displacement at any point in a dielectric is mea-
sured by the quantity displaced per unit of area. These quantities have therefore

the same dimensional formula, namely, the ratio of the formulae for quantity of

electricity and for area or M^L^T-^K*, and the conversion factor m^J-^lr^k^.

3. Electric Force at a Point, or Intensity of Electric Field.— This is

measured by the ratio of the magnitude of the force on a quantity of electricity at

a point to the magnitude of the quantity of electricity. The dimensional formula

is therefore the ratio of the formulae for force and electric quantity, or

^^'^'' = M*L-*T-*K-»
MJL»T-^K*

^

which gives the conversion factor ni'lr^t~^k~^.

4. Electric Potential and Electromotive Force.— Change of potential

is proportional to the virork done per unit of electricity in producing the change.

The dimensional formula is therefore the ratio of the formulae for work and elec-

tric quantity, or

ML^'T-'
M*L*T-^K-»

M»L'T-»K» '

which gives the conversion, factor n^^f'^k~^.

5. Capacity of a Conductor.— The capacity of an insulated conductor is

proportional to the ratio of the numbers representing the quantity of electricity in

a charge and the potential of the charge. The dimensional formula is thus the

ratio of the two formulae for electric quantity and potential, or

MiLJT-^K* _ ^ y
MiL41'-^K-4

'

which gives Ik for conversion factor. When K is taken as unity, as in the ordinary

units, the capacity of an insulated conductor is simply a length.

6. Specific Inductive Capacity. — This is the ratio of the inductive cap?c-

ity of the substance to that of a standard substance, and hence the dimensional

formula is K/K or i.*

7. Electric Current.— Current is quantity flowing past a point per unit of

time. The dimensional formula is thus the ratio of the formulae for electric quan-

tity and for time, or

and the conversion factor ni'lH'^H'.

• According to the ordinary definition referred to air as standard medium, the specific inductive

capacity of a substance is K, or is identical in dimensions with what is here talien as inductive ca-

pacity. Hence in that case the conversion factor must be taken as 1 on the electrostatic and as

/-2/2 on the electromagnetic system.



XXX INTRODUCTION.

8. Conductivity, or Specific * Conductance.— This, like the corresponding

term for heat, is quantity per unit area per unit potential gradient per unit of time.

The dimensional formula is therefore

M^L'T-'Ki _ ™_ij. electric quantity
,

^M'DT~^K~i^ '

area X potential gradient X time
^ L

The conversion factor is t''^k.

9. Specific * Resistance.— This is the reciprocal of conductivity as above

defined, and hence the dimensional formula and conversion factor are respec-

tively TK-i and tk-'^.

10. Conductance.— The conductance of any part of an electric circuit, not

containing a source of electromotive force, is the ratio of the numbers represent-

ing the current flowing through it and the difference of potential between its ends.

The dimensional formula is thus the ratio of the formulae for current and poten-

tial, or

MiL'T-'K' _ , ™_i„

from which we get the conversion factor lt~^k.

11. Resistance.—-This is the reciprocal of conductance, and therefore the

dimensional formula and the conversion factor are respectively L^^TK"' and
l'Hk-\

EXAMPLES OF CONVERSION IN ELECTROSTATIC UNITS.

(a) Pind the factor for converting quantity of electricity expressed in foot grain

second units to the same expressed in c. g. s. units.

By (i) the formula is mHk~^k\ in which in this case m= 0.0648, /= 30.48, t=
I, and ^= 1 ; .•. the factor is 0.0648* X 30-48'= 4.2836.

(d) Find the factor required to convert electric potential from millimeter milli-

gram second units to c. g. s. units.

By (4) the formula is nt'lH-'^k-^-, and in this case m = o.ooi, /= o.i, ;= i, and
/e^i; .-. the factor =:=o.ooi' X o-i-^o.oi.

(c) Find the factor required to convert from foot grain second and specific in-

ductive capacity 6 units to c. g. s. units.

By (s) the formula is /k, and in this case /= 30.48 and A= 6; .-. the factor

= 30.48 X 6 = 182.88.

» The term " specific/' as used here and in 9, refers conductance and resistance to that between
the ends of a bar of unit section and unit length, and hence is different from the same term in

specific heat, specific inductivity, capacity, etc., which refer to a standard substance.
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ELECTROMAGNETIC UNITS.

As stated above, these units bear the same relation to unit quantity of magne-
tism that the electric units do to quantity of electricity. Thus, when inductive

capacity is suppressed, the dimensional formula for magnetic quantity on this sys-

tem is the same as that for electric quantity on the electrostatic system. All quan-
tities in this system which only differ from corresponding quantities defined above
by the substitution of magnetic for electric quantity may have their dimensional

formulae derived from those of the corresponding quantity by substituting P
for K.

1. Magnetic Pole, or Quantity of Magnetism.— Two unit quantities of

magnetism concentrated at points unit distance apart repel each other with unit

force. The dimensional formula is thus the same as for [force X length^ X in-

ductive capacity]' or M*L'T~^Pi, and the conversion factor is mHH~^p^.

2. Density of Surface Distribution of Magnetism.— This is measured

by quantity of magnetism per unit area, and the dimension formula is therefore

the ratio of the expressions for magnetic quantity and for area, or M*L~-T~^P*,

which gives the conversion factor m^t^t~'^p''.

3. Magnetic Force at a Point, or Intensity of Magnetic Field. — The
number for this is the ratio of the numbers representing the magnitudes of the

force on a magnetic pole placed at the point and the magnitude of the magnetic

pole.

The dimensional formula is therefore the ratio of the expressions for force and

magnetic quantity, or

MLT-^
M»L'T-^P»

and the conversion factor m*-l~^t~^p'^-.

— M*L-*T-ip-

4. Magnetic Potential. — The magnetic potential at a point is measured by

the work which is required to bring unit quantity of positive magnetism from zero

potential to the point. The dimensional formula is thus the ratio of the formula

for work and magnetic quantity, or

which gives the conversion factor z«V-/"~'/~*.

5. Magnetic Moment. — This is the product of the numbers for pole

strength and length of a magnet. The dimensional formula is therefore the pro-

duct of the formulae for magnetic quantity and length, or M'L*T~^P*, and the con-

version factor mH^t~^p^-.

6. Intensity of Magnetization. — The intensity of magnetization of any por-

tion of a magnetized body is the ratio of the numbers representing the magni-
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tude of the magnetic moment of that portion and its volume. The dimensional

formula is therefore the ratio of the formulae for magnetic moment and volume, or

L'

The conversion factor is therefore n^t^f^f:

7. Magnetic Permeability,* or Specific Magnetic Inductive Capacity.

— This is the analogue in magnetism to specific inductive capacity in electricity.

It is the ratio of the magnetic induction in the substance to the magnetic induc-

tion in the field which produces the magnetization, and therefore its dimensional

formula and conversion factor are unity.

8. Magnetic Susceptibility.— This is the ratio of the numbers which repre-

sent the values of the intensity of magnetization produced and the intensity of the

magnetic field producing it. The dimensional formula is therefore the ratio of

the formulae for intensity of magnetization and magnetic field or

M*L-*T-'P*
MiL-»T-ip-*

or P.

The conversion factor is therefore /, and both the dimensional formula and con-

version factor are unity in the ordinary system.

9. Current Strength.— A current of strength c flowing round a circle of

radius r produces a magnetic field at the centre of intensity 2ffc/r. The dimen-

sional formula is therefore the product of the formulae for magnetic field intensity

and length, or M*L*T~^P~*, which gives the conversion factor vi'H~^p~^.

10. Current Density, or Strength of Current at a Point.— This is the

ratio of the numbers for current strength and area. The dimensional formula

and the conversion factor are therefore M*L~'T~^P~* and m^Mt^^p-^.

11. Quantity of Electricity.— This is the product of the numbers for cur-

rent and time. The dimensional formula is therefore M*L*T~'P~i X T^ M*L*P~*,

and the conversion factor ni'^p'^.

12. Electric Potential, or Electromotive Force.— As in the electrostatic

system, this is the ratio of the numbers for work and quantity of electricity. The
dimensional formula is therefore

ML'T-"
M'L'T-'P*

MiL^P-i ^ ^'

and the conversion factor otV'/~^*.

• Permeability, as ordinarily taken with the standard medium as unity, has the same dimension
formula and conversion factor as that which is here taken as magnetic inductive capacity. Hence
for ordinary transformations the conversion factor should be taken as i in the electromagnetic and
i^fi in the electrostatic systems.
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13. Electrostatic Capacity.— This is the ratio of the numbers for quantity
of electricity and difference of potential. The dimensional formula is therefore

M^L'T-^Pi" '

and the conversion factor t'H'^p-^.

14. Resistance of a Conductor.— The resistance of a conductor or elec-

trode is the ratio of the numbers for difference of potential between its ends and
the constant current it is capable of producing. The dimensional formula is

therefore the ratio of those for potential and current or

MiL»T-'P> _ ,

M»L»T-ip-J~"

The conversion factor thus becomes lir'-p, and in the ordinary system resistance

has the same conversion factor as velocity.

15. Conductance.— This is the reciprocal of resistance, and hence the dimen-

sional formula and conversion factor are respectively L~*TP~* and l~Hp~^.

16. Conductivity, or Specific Conductance.— This is quantity of electric-

ity transmitted per unit of area per unit of potential gradient per unit of time.

The dimensional formula is therefore derived from those of the quantities men-

tioned as follows :
—

MiL'P-* ^ ,^^,= L-'TP-*.jM»L'T-2pi„

L.

The conversion factor is therefore l-Hp~\

17. Specific Resistance.— This is the reciprocal of conductivity as defined

in 16, and hence the dimensional formula and conversion factor are respectively

L'T-ip and Pf'^p.

18. Coefficient of Self-induction, or Inductance, or Electro-kinetic In-

ertia.— These are for any circuit the electromotive force produced in it by unit

rate of variation of the current through it. The dimensional formula is therefore

the product of the formulae for electromotive force and time divided by that for

current or

MiL'T^'P*
MJL4T-ip-» X T= LP.

The conversion factor is therefore Ip, and in the ordinary system is the same as

that for length.

19. Coefficient of Mutual Induction.— The mutual induction of two cir-

cuits is the electromotive force produced in one per unit rate of variation of the

current in the other. The dimensional formula and the conversion factor are

therefore the same as those for self-induction.
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20. Electro-kinetic Momentum.— The number for this is the product of

the numbers for current and for electro-kinetic inertia. The dimensional formula

is therefore the product of the formulas for these quantities, or M*L*T~'P~* X LP
= M^L'T-'P*, and the conversion factor is wV'r"*/*.

21. Electromotive Force at a Point.— The number for this quantity is

the ratio of the numbers for electric potential or electromotive force as given in

12, and for length. The dimensional formula is therefore M*L*T~^P^ and the

conversion factor ni't'lr^f'.

22. Vector Potential.— This is time integral of electromotive force at a

point, or the electro-kinetic momentum at a point. The dimensional formula

may therefore be derived from 21 by multiplying by T, or from 20 by dividing

by L. It is therefore M*L*T~'P*, and the conversion factor m^fif'^p^.

23. Thermoelectric Height.— This is measured by the ratio of the num-

bers for electromotive force and for temperature. The dimensional formula is

therefore the ratio of the formulae for these two quantities, or M'L'T^^P*©"', and

the conversion factor /«V'/~^*6~'.

24. Specific Heat of Electricity.— This quantity is measured in the same

way as 23, and hence has the same formulae.

25. Coefficient of Peltier Effect. — This is measured by the ratio of the

numbers for quantity of heat and for quantity of electricity. The dimensional

formula is therefore

M©
M4L*P-*

and the conversion factor tii'l~^p'd.

= M^L-ipi®,

EXAMPLES OF CONVERSION IN ELECTROMAGNETIC UNITS.

(a) Find the factor required to convert intensity of magnetic field from foot

gi'ain minute units to c. g. s. units.

By (3) the formula is z«*/~*/~^/"^, and in this case m = 0.0648, /= 30.48, t=
60, and/ = X ;" .'. the factors = 0.0648* X 30.48"* X 6o~^= 0.00076847.

Similarly to convert from foot grain second units to c. g. s. units the factor is

0.0648* X 30.48"*= 0.046 108.

(d) How many c. g. s. units of magnetic moment make one foot grain second

unit of the same quantity ?

By (s) the formula is m^l*/~^J>\ and the values for this problem are m =: 0.0648,

/= 30.48, t= I, and/ = I ;
.'. the number = 0.0648* X 30.48'= 1305.6.

(c) If the intensity of magnetization of a steel bar be 700 in c. g. s. units, what

will it be in millimeter milligram second units ?
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By (6) the formula is m^fit~'^p^, and in this case m = looo, /= lo, ^= i, and

/ = I j .•. the intensity = 700 X 1000* X 10'= 70000.

(d) Find the factor required to convert current strength from c. g. s. units to

earth quadrant io~" gram and second units.

By (9) the formula is m*l^(~^p'^, and the values of these quantities are here m =
10", /= io~°, /= I, and/ =!;.•. the factor = loH x io~?= 10.

(e) Find the factor required to convert resistance expressed in c. g. s. units into

the same expressed in earth-quadrant io~" gram and second units.

By (14) the formula is /t~^p, and for this case /^ io~', f=i, and / =: i

;

.•. the factor ^ io~'.

(/) Find the factor required to convert electromotive force from earth-quadrant

io~^* gram and second units to c. g. s. units.

By (12) the formula is m^flt~^p^, and for this case m = io~*', /= 10°, /=: i,

and/ = I ; .'. the factor = 10'.

PRACTICAL UNITS.

In practical electrical measurements the units adopted are either multiples or

submultiples of the units founded on the centimeter, the gram, and the second

as fundamental units, and air is taken as the standard medium, for which K and P

are assumed unity. The following, quoted from the report to the Honorable the

Secretary of State, under date of November 6th, 1893, by the delegates repre-

senting the United States, gives the ordinary units with their names and values

as defined by the International Congress at Chicago in 1893 :
—

" Resolved, That the several governments represented by the delegates of this

International Congress of Electricians be, and they are hereby, recommended to

formally adopt as legal units of electrical measure the following : As a unit of re-

sistance, the international ohm, which is based upon the ohm equal to 10' units of

resistance of the C. G. S. system of electro-magnetic units, and is represented

by the resistance offered to an unvarying electric current by a column of mercury

at the temperature of melting ice 14.4521 grams in mass, of a constant cross-

sectional area and of the length of 106.3 centimeters. ^
" As a unit of current, the international ampere, which is one tenth of the unit of

current of the C. G. S. system of electro-magnetic units, and which is represented

sufficiently well for practical use by the unvarying current which, when passed

through a solution of nitrate of silver in water, and in accordance with accom-

panying specifications,* deposits silver at the rate of 0.001118 of a gram per

second.

* " In the following specification the term ' silver voltameter' means the arrangement of appara-

tus by means of which an electric current is passed through a solution of nitrate of silver in water.

The silver voltameter measures the total electrical quantity which has passed during the time of

the experiment, and by noting this time the time average of the current, or, if the current has been

kept constant, the current itself can be deduced.

" In employing the silver voltameter to measure currents of about one ampere, the foll^wmg

arrangements should be adopted :
—
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" As a unit of electromotive force, the international volt, which is the electro-

motive force that, steadily applied to a conductor whose resistance is one interna-

tional ohm, will produce a current of one international ampfere, and which is rep-

resented sufSciently well for practical use by \%%% of the electromotive force

between the poles or electrodes of the voltaic cell known as Clark's cell, at a tem-

perature of 15° C, and prepared in the manner described in the accompanying

specification.*

" As a unit of quantity, the international coulomb, which is the quantity of elec-

tricity transferred by a current of one international ampfere in one second.

"As a unit of capacity, the international farad, which is the capacity of a con-

denser charged to a potential of one international volt by one international cou-

lomb of electricity.t

" As a unit of work, the joule, which is equal to 10' units of work in the c. g. s.

system, and which is represented sufficiently well for practical use by the energy

expended in one second by an international ampfere in an international ohm.
" As a unit of power, the watt, which is equal to 10' units of power in the c. g. s.

system, and which is represented sufficiently well for practical use by the work

done at the rate of one joule per second.

" As the unit of induction, the henry, which is the induction in a circuit when

the electromotive force induced in this circuit is one international volt, while the

inducing current varies at the rate of one ampere per second.

" The Chamber also voted that it was not wise to adopt or recommend a stand-

ard of light at the present time."

By an Act of Congress approved July 12 th, 1894, the units recommended by
the Chicago Congress were adopted in this country with only some unimportant

verbal changes in the definitions.

By an Order in Council of date August 23d, 1894, the British Board of Trade

adopted the ohm, the ampere, and the volt, substantially as recommended by
the Chicago Congress. The other units were not legalized in Great Britain.

They are, however, in general use in that country and all over the world.

" The kathode on which the silver is to be deposited should take the form of a platinum bowl
not less than 10 centimeters in diameter and from 4 to 5 centimeters in depth.

" The anode should be a plate of pure silver some 30 square centimeters in area and 2 or 3
millimeters in thickness.

" This is supported horizontally in the liquid near the top of the solution by a platinum wire

passed through holes in the plate at opposite comers. To prevent the disintegrated silver which

is formed on the anode from falling on to the kathode, the anode should be wrapped round with

pure filter paper, secured at the back with sealing wax.

"The liquid should consist of a neutral solution of pure silver nitrate, containing about 15 parts

by weight of the nitrate to 85 parts of water.

" The resistance of the voltameter changes somewhat as the current passes. To prevent these

changes having too great an effect on the current, some resistance besides that of the voltameter

should be inserted in the circuit. The total metallic resistance of the circuit should not be less

than 10 ohms."

• A committee, consisting of Messrs. Helmholtz, Ayrton, and Carhart, was appointed to pre-

pare specifications for the Clarlt's cell, but no report was made, on account of Helmholtz's death.

t The one millionth part of the farad is more commonly used in practical measurements, and is

called the microfarad.
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Table 1

.

FUNDAMENTAL AND DERIVED UNITS.

To change a quantity from one system of units to another : substitute in the correspond-

ing conversion factor from the following table the ratio of the magnitudes of the old units

to the new and multiply the old quantity by the resulting number. For example : to reduce
velocity in miles per hour to feet per second, the conversion factor is lt-^\ l=S2^o/i,
^=3600/1, therefore the factor=5280/3600= 1.467.



Table 1

.



Table 1.

FUNDAMENTAL AND DERIVED UNITS.

///. Magnetic and Electric Units.



Table 2.

TABLES FOR CONVERTING U. S. WEIGHTS AND MEASURES.*

(1) CUSTOMARY TO METRIC.

LINEAR.



Table 2 (omUnued).

TABLES FOR CONVERTING U. S. WEIGHTS AND MEASURES.

(2) METRIC TO CUSTOMARY.

LINEAR.



Table 3,

EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEIGHTS
AND MEASURES.*

(1) METRIC TO IMPERIAL.

LINEAR MEASURE.

I millimeter (mm.) ) _

(.001 m.) J

'

I centimeter (.01 m.) =

I decimeter (.1 m)

I METER (m.)

I dekameter
(10 m.)

I hectometer
(100 m.)

I kilometer
(1,000 m.)

I myriameter
( 10,000 m.)

I micron . .

=\

0.03937 in.

0.39370
"

3.93701
"

39-370113
"

3.280843 ft.

1.09361425 yds.

= 10.93614

= 109.36142s

^ 0.62137 mile.

= 6.21372 miles.

= 0.00 1 mm.

SQUARE MEASURE.

I sq. centimeter . . .^ o.:550 sq. in.

I sq. decimeter 1 ,,,„„.„ :„

lioo sq. centm.) [= lS-5°osq.m.

I sq. meter or centi- \ ( 10.7639 sq. ft.

are (100 sq. dcm.) J (
1.1960 sq. yds.

I ARE (100 sq. m.) = 119.60 sq. yds.

I hectare (100 ares 1

or 10,000 sq. m.) )

2.47 1 1 acres.

CUBIC MEASURE.
•

I cub. centimeter 5

(c.c.) (1,000 cubic >= 0.0610 cub. in.

millimeters) ;

I eub. decimeter )

(c.d.) (1,000 cubic > = 61.024 " "

centimeters) )

'"orst^rr'i. =)3S.3U8cub.ft.
orstere t. . <^ 1.307954 cub. yds.
(1,000 c.d.

MEASURE OF CAPACITY.

I milliliter (ml.) (.001 I

liter)
(

I centiliter (.01 liter)

I deciliter (.1 liter) . .

I LITER (1,000 cub.
centimeters or i

cub. decimeter)
I dekaliter ( 10 liters)

I hectoliter (100 "
)

I kiloliter (1,000 "
)

= o.o5io cub. in.

__ I 0.61024 " "

] 0.070 gill.

= 0.176 pint.

= 1.75980 pints.

= 2.200 gallons.

= 2.75 bushels.

= 3437 quarters.

APOTHECARIES' MEASURE.

1 cubic centi- ) f 0.03520 fluid ounce.

meter (i( = s 0.28157 fluid drachm.
gram w't) ) (1 5.43236 grains weight.

1 cub. millimeter= 0.01693 minim.

AVOIRDUPOIS WEIGHT.

1 milligram (mgr.) . .

I centigram (.01 gram.)
1 decigram (.i " )

I GRAM
I dekagram (10 gram.)
1 hectogram (100 " )

1 KILOGRAM (1,000" )

1 myriagram (10 kilog.)

1 quintal (100 " )

1 millier or tonne I

(1,000 kilog.) j

= 0.01543 grain.

= 0.15432 "

= 1.54324 grams.

=15.43236 "
= 5.64383 drams.
= 3-52739 oz.

( 2.2046223 Ib-

= < 15432-3564

( grains.

^22.04622 lbs.

= 1.96841 cwt.

= 0.9842 ton.

TROY WEIGHT.

I GRAM
O..

(15.

0.03215 oz. Troy.

,64301 pennyweight.

,43236 grains.

APOTHECARIES' WEIGHT.

I 0.25721 drachm.

lAM ....=< 0.77162 scruple.

( 15.43236 grains.

NoTB.—The Mb-teb is the length, at the temperature of o° C, of the platinum-iridium bar deposited at the

International Bureau of Weights and Measures at Sivres, near Paris, France.

The present legal equivalent of the meter is 39.370113 inches, as above stated.

The Kilogram is the mass of a platinum-iridium weight deposited at the same place. , .

The Liter contains one kilogram weight of distilled water at its maximum density (4° C), the barometer Deing

at 760 millimeters,

*In accordance with the schedule adopted under the Weights and Measures (metric system) Act, 1897.

Smithsonian Tables.
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EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEIGHTS
AND MEASURES.

(2) METRIC TO IMPERIAL.

LINEAR MEASURE.



Table 3.

EQUIVALENTS OF BRITISH IMPERIAL AND METRIC WEIGHTS
AND MEASURES.

(3) IMPERIAL TO METRIC.

LINEAR MEASURE.

I inch

I foot (i2 in.) . .

I YARD (3 ft.) . .

I pole (si yd.) . .

I chain (22 yd. or )

100 links) J

I furlong {220 yd.)

I mile (1,760 yd.) .

{25.400 milli-

meters.

=: 0.30480 meter.

= 0-914399 "

= 5.0292 meters.

= 20.1168 "

= 201.168

1.6093 kilo-

meters.=
1

SQUARE MEASURE.

I square inch
J 6.4516 sq. cen-
'' timeters.

, , . , J 9.2903 sq. deci-
isq.ft. (144 sq.m.) = ^

"^
meters.

, - t 0.836126 sq.
I SQ. YARD (9 sq. ft.) =

\ meters.

t perch (30isq. yd.) = {
^S-93 sq- me-

I rood (40 perches) =
I ACRE {4840 sq. yd.) =

I0.H7 ares.

0.40468 hectare.

I sq. mile (640 acres) = |
259.00 hectares

CUBIC MEASURE.

I cub. inch= 16.387 cub. centimeters.

1 cub. foot (1728 I
(0-0283I7 cub^^me-

cub. in.) 5
ter, or 28.317

. cub. decimeters.
I CUB. YARD (27 ) _o.76455 cub. meter,

cub. ft.) 5

APOTHECARIES' MEASURE.

I gallon (8 pints or ) __
160 fluid ounces) J

I fluid ounce, f 3 I __
(8 drachms) )

I fluid drachm, f 3 I __
(60 minims) )

I minim, rn (0.91 146 I _.
grain weight) J

4.5459631 liter*

[ 28.4123 cubic
centimeters.

3.5515 cubic
centimeters.

0.05919 cubic
centimeters.

Note. — The Apothecaries' gallon is of the same
capacity as the Imperial gallon.

MEASURE OF CAPACITY.

I gill

I pint (4 gills) . .

I quart (2 pints) .

I GALLON (4 quarts
I peck (2 galls.) .

I bushel (8 galls.)

I quarter (8 bushels

= 1.42 deciliters.= 0.568 liter.= 1.136 liters.

= 4-5459631
"

^ 9.092 "

= 3637 dekaliters.
= 2.909 hectoliters.

AVOIRDUPOIS WEIGHT.

( 64.8 m i 1 1 i -

I grams.
1.772 grams.

28.350 "

0-45359243 kilogr.

6.350
12.70

"

( 50.80
"

( 0.5080 quintal.

( 1.0160 tonnes
} or 1016 kilo-

( grams.

I gram =
I dram ::=

I ounce (16 dr.) . . =
I POUND ( 16 oz. or I _.

7,000 grains) )

I stone (141b.) . . =
I quarter (28 lb.) . =
I hundredweight 1

(112 lb.) J
—

I ton (20 cwt.)

TROY WEIGHT.

I Troy OUNCE (480 ) =,31.1035 grams,
grains avoir.) )

I pennyweight (24 /

grains) )

1-5552

Note.— The Troy grain is of the same weight as

the Avoirdupois grain.

APOTHECARIES' WEIGHT.

I ounce (8 drachms) =31.1035 grams.

I drachm, 3 i
( 3 scru- 1 _ - 333 »

pies) 1 '''

I scruple, 9i (20 1 _ ^ g <

grains) (
' '

Note.— The Apothecaries' ounce is of the same

weight as the Troy ounce. The Apothecaries

grain is also of the same weight as the Avoirdupois

grain.

Note. -The Yard is the length at 62= Fahr., marked on a bronze bar deposited with
V'o^,?"!^'JhTh is also

The Pound is the weight of a piece of platinum weighed in vacuo at the temperature of 0° C, and which is also

deporfted with the Board olTrade^^.^^^
„j distiUed water at the temperature of 6a= Fahr., the barometer being at

The Galixin contains lo

30 Inches.

Smithsonian Tables.



10 Table 3.

EQUIVALENTS OF BRITISH IMPERIAL AND METRIC WEIGHTS
AND MEASURES.

(4) IMPERIAL TO METRIC.

LINEAR MEASURE.



Table 4, II

VOLUME OF A CLASS VESSEL FROM THE WEIGHT OF ITS EQUIVALENT
VOLUME OF MERCURY OR WATER.

If a glass vessel contains aXfC,P grammes of mercury, weighted with brass weights in air at

760 mm. pressure, then its volume in c. cm.

at the same temperature, /, : V=^PR "= P^
at another temperature, 4, : V= PRx = Ppjd ! 1 + 7 (^1 - }

/ = the weight, reduced to vacuum, of the mass ef mercury or water which, weighed with brass

weights, equals i gram
;

d= the density of mercury or water at /° C,

and 7 ^ 0.000 025, is the cubical expansion coefficient of glass.



12 Table 5.

DERIVATIVES AND INTEGRALS.*

dax



Table 6. i^
SERIES.

{x + y)n = x^+~ *«-»>,+ " (^~'^ x»-' y^ + ...

n{n— i)...{n—m+i) _ „ „ , . „s

(I ± »)-! = I =F x+a;« =F «'+«« T *5+ . . . (a;2<i)

(I J. a;)-2 = I :p 2»+3a;2 T 4«'+S*< T 6«»+ . . . {x^< i)

/(«+A) =f{x)+hf' ix) + I /" W + . . . + ^ /"" W + .

.

. '^^^^"s'eries.

•J* *2 r'* Maclaurin's
/W =/ W+ f/' (») +

fi
/"W + • • • ^Z'"' W + • • series.

,. / iN. I I I I= limf ^ + -r = I + T-, + Z-, + Ti + H +\ n/ 1 1 2 1 3 1 4

1

2l 3I

= {x-i)-Hx- iy + i(x-iy - ... (2>a;>o)

log (I + ^) = a;
-

i :c2 + 1 ;(8 _ 1 j^ + (x'<i)

2i
••- -

'
"

3! '5! 7!

»'
. X* x^

sin a: = i (e« - e"'*) =*-^, +^-7j+--- (a;2<.ai)

(•<T>

COS « = - (e^ + 6-«) = 1-—
, + ^-|-, +• = '- versin x (a:2<cc)

2 2
! 4- ^•

a:* 2a;» I7ac' ,62
tan. =.+ -+-- + — + ^^.» + .

,
'^ -1 - ,

*' _L ' 3 «°, 1.3.5.^'. /„2^iN

tan-i * = - - cot.-i » = -t - 1 *' + i .t" _ ' *' + . .

.

(:c2<i)

2 3 5 7

I I _i

~2 ^ X i** 5*'
- - + :r::j

- -n:? + • •
•

(a:'>l)

sinh :. = i (e- - e-) = « + 3-] + ^ + f 1
+ •

•
^'''^"^

Smithsonian Tables.



H Table 6 (.eonfinuei).

SERIES.

cosh. = i(,x + ,-x) = , + i; + 5! + g + ...
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I 6 Table 8 {.continued).

VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTS,
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Table 8 (continued). 1
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i8 Table 8 (continued).

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS
OF NATURAL NUMBERS.

n



Table 8 {cmtinued). ig

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS
OF NATURAL NUMBERS.

4S0
45'

452

453
454

455
456
457
458

459

460
461
462

463
464

465
466
467

470
471
472
473
474

475
476
477
478

479

480
481
482

483
484

485
486
487
488

489

490
491
492

493
494

495
496
497
498

499

500
501

502

5°3
504

2.22222

2.21729
2.21239
2.20751

2.20264

2.19780

2.19298
2.18818

2.18341

2.17865

2.17391
2.16920
2.16450

2-15983
2.15517

2.15054
2.14592
2.14133

2.13675
2.13220

2.12766
2.12314
2.11864
2.11416

2.10970

2.10526
2.10084

2.09644
2.09205
2.08768

2.08333
2.07900

2.07469

2.07039
2.06612

2.06186

2.05761

2-05339
2.04918

2.04499

2.04082

2.03666
2.03252
2.02840

2.02429

2.02020

2.01613

2.01207

2.00803

2.00401

2.00000

1.99601

1.99203
1.98807

1.98413

202500
203401

204304
205209
2061 10

207025
207936
208849
209764
210681

211600
212521

213444
214369
215296

216225
217156
218089
219024
219961

220900
221841
222784
223729
224676

225625
226576
227529
228484
229441

230400
231 361

232324
233289
234256

235225
236196
237169
238144
239121

240100
241081
242064
243049
244036

245025
246016
247009
248004
249001

250000
251001
252004
253009
254016

91125000
91733851
92345408
92959677
93576664

94196375
94818816

95443993
96071912
96702579

97336000
97972181
9861 1 1 28

99252847
99897344

00544625
01194696
01847563
02503232
03161709

03823000
04487111
05154048
05823817
06496424

07171875
07850176
08531333
09215352
09902239

10592000
I I 28464

I

11980168

12678587

13379904

14084125
14791256
15501303
16214272
16930169

17649000
1837077

1

19095488
19823157
20553784

2128737s
22023936
22763473
23505992
24251499

25000000

25751 501

26506008
27263527
28024064

<»

21.2132

21.2368
21.2603

21.2838

21.3073

21.3307
21.3542
21.3776
21.4009

21.4243

21.4476

21.4709
21.4942
21.5174

21.5407

21.5639
21.5870
21.6102

21-6333
21.6564

21.6795
21.7025

21.7256
21.7486

21.7715

21.7945
21.8174
21.8403
21.8632
21.8861

21.9089

21.9317

21.9545

21.9773
22.0000

22.0227

22.0454
22.0681

22.0907

22.1133

22.1359

22.iq8s
22.1811

22.2036
22.2261

22.2486

22.2711

22.2935
22.3159

22.3383

22.3607

22.3830

22.4054
22.4277

22.4499

505
506

507
508

509

510
5"
512

513

SH
515
5.6

5'7
518

519

520
521

522

523
524

525
526

528

529

530
531

532

533

534

535
536

537
538

539

540
541

542

543
544

545
546

547
548

549

550
551

552

553
554

555
556

557
558

559

1.98020

1.97628

1.97239
1.96850

1.96464

1.96078

1.95695
1-95312

1.94932

1-94553

1.94175

1.93798
1.93424
1-93050
1.92678

1.92308

1.91939
1.91571

1.91205

1.90840

1.90476
1.90114

1-89753

1.89394
1.89036

1.88679
1.88324

1.87970
1.87617

1.87266

1.86916

1.86567
1.86220

1.85874

1.85529

1.85185

1.84843
1.84502
1.84162

1.83824

1.83486
1.83150
1.82815
1.82482

1.82149

1.81818

1.81488

1.81159
1.80832

1.80505

1.80180

1.79856

1-79533
1.79211

1.78891

255025
256036
257049
258064
259081

260100
261121

262144
263169
264196

265225
266256
267289
268324
269361

270400
271441
272484
273529
274576

275625
276676
277729
278784
279841

280900
281961
283024
284089
285156

286225
287296
288369
289444
290521

291600
292681

293764
294849
295936

297025
298116
299209
300304
301401

302500
303601

304704
305809
306916

308025
309136
310249
311364
312481

28787625
29554216
30323843
31096512
31872229

32651000

33432831
34217728
35005697
35796744

36590875
37388096
38188413
38991832

39798359

40608000
41420761
42236648
43055667
43877824

44703125
45531576
46363183
47197952
48035889

48877000
49721291
50568768

51419437
52273304

53130375
53990656
54854153
55720872
56590819

57464000
58340421
59220088
60103007
60989184

61878625
62771336
63667323
64566592
65469149

66375000
67284151
68196608

69112377
70031464

70953875
71879616
72808693
73741112
74676879

yf»

22.4722

22.4944
22.5167

22.5389
22.5610

22.5832

22.6053

22.6274

22.6495
22.6716

22.6936
22.7156

22.7376
22.7596
22.7816

22.8035
22.8254

22.8473
22.8692

22.8910

22.9129

22.9347

22.9565

22.9783
23.0000

23.0217

23-0434
23.0651
23.0868

23.1084

23.1301

23.1517
?3-i733

23.1948
23.2164

23.2379
23.2594
23.2809

23.3024

23-3238

23.3666
23.3880

23.4094

23-4307

23.4521

23-4734
23-4947
23.5160

23-5372

23-5584

23-5797
23.6008

23.6220

23.6432
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VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS
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24 Table 9.

LOGARITHMS.
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Table 9 (.continued).

LOGARITHMS.
25

N. 10

150
151

152

153
154

155
156

'57
158

159

160
161

162

163
164

165
166
167
:68

169

170
171

172

173
174

175
176

177
178

179

180
181

182

183
184

185
i86

187
188

189

190
191

192

193
194

195
196
197
198

199

1761

1790
1818

1847

187s

1903
1931

1959
1987
2014

2041
2068

2095
2122
2148

2175
2201

2227

22S3
2279

2304
233°

235s
2380
2405

2430

24SS
2480
2504
2529

2553
2577
2601

2625
2648

2672

269s
2718
2742

276s

2788
2810

^f33
2856
2878

2900
2923

294s
2967
2989

1764

1793
1821

1850
1878

1906

1934
1962

1989
2017

2044
2071

2098
2125
2151

2177
2204
2230
2256
2281

2307

2333
2358

2408

2433
2458
2482
2507
253'

2S5S
2579
2603
2627
2651

2674
2697
2721

2744
2767

2790
2813

l42858
2880

2903
2925
2947
2969
2991

1767

1796
1824

I88I

1909

1937
1965
1992
2019

2047
2074
2I0I

2127

2154

2180
2206
2232
2258
2284

2310

2335
2360

238s
2410

2435
2460
2485
2509

2533

2558
2582
2605
2629

2653

2676
2700
2723
2746
2769

2792
2815
2838
2860
2882

2905
2927
2949
2971

2993

1770
1798
i8i7

1884

1912

1940
1967

1995
2022

2049
2076
2103
2130
2156

2183
2209

223s
2261

2287

2312

2363
2388

2413

2438
2463
2487
2512

2536

2560
2584
2608
2632
2655

2679
2702

2725
2749
2772

2794
2817
2840
2862

2885

2907
2929
2951

2973

299s

1772
1801

1830
1858
1886

1915
1942
1970
1998
2025

2052

2079
2106

2133
2159

2185
2212

2238
2263
2289

2315
2340
2365
2390
2415

2440
2465
2490
2514
2538

2562
2586
2610

2634,

2658

2681

2704
2728
2751

2774

2797
2819
2842
2865
2887

2909
293t

2953
2975
2997

1775
1804

1833
1861

1917

1945
1973
2000
2028

2055
2082

2109
2135
2162

2i88
2214
2240
2266

2292

2317

2343
2368

2393
2418

2443
2467
2492
2516

2541

256s
2589
2613
2636
2660

2683
2707
2730

2753
2776

2799
2822

2844
2867
2889

291

1

2934
2956
2978

2999

1778
1807

1836
1864
1892

1920

1948
1976
2003
2030

2057
2084
2111

2138
2164

2191
2217

2243
2269
2294

2320

2345
2370
2395
2420

2445
2470
2494
2519

2543

2567
2591
2615

2662

2686

2709
2732

2755
2778

2801

2824
2847
2869
2891

2914
2936
2958
2980
3002

1781
iSio

1838
1867

1895

1923
1951

1978
2006

2033

2060
2087
2114
2140
2167

2193
2219
2245
2271

2297

2322

2348

2373
2398
2423

2448
2472

2497
2521

2545

2570
2594
2617
2641

2665

2688
2711

2735
2758
2781

2804
2826

2849
2871

2894

2916

2938
2960
2982

3004

1784
1813
1841

1870

1926

953
1981
2009
2036

2063
2090
2117
2143
2170

2196
2222
224B

2274
2299

2325
2350
2375
2400

2425

2450
2475
2499
2524
2548

2572
2596
2620

2643
2667

2690
2714

2737
2760
2783

2806
2828

2851

2874
2896

2918

2940
2962

2984
3006

1787
1816

1844
1872

1901

1928

1956
1984
201

1

2038

2066
2092
2119
2146
2172

2198
2225
2251
2276
2302

2327

2353
2378
2403
2428

2453
2477
2502
2526
2550

2574
2598
2622

2646
2669

2693
2716

2739
2762

2785

2808

2831

2876
2898

2920
2942
2964
2986
3008

1790
1818

1847

1875
1903

1931

1959
19S7

2014
2041

2068

2095
2122

2148

2175

2201

2227

2253
2279
2304

2330

235s
2380
2405
2430

2455
2480
2504
2529

2553

2577
2601

2625
2648
2672

2695
2718

2742
2765
2788

2810

2833
2855
28:"

2900

2923
2945
2967
29''

30101
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LOGARITHMS.
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Table 10 {fontinutS).

LOGARITHMS.
27
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28 Table 1 1

.

ANTILOGARITHMS.



Table 1 1 {continued).

ANTILOGARITHMS.
29



30 Table 1 2.

ANTILOGARITHMS.



Table 1 2 (conUnued).

ANTILOGARITHMS.
31



32 Table 13.

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.
(Taken from B. O. Peiree's " Short Table o£ Integrals," Ginn & Co.)

t:?t/3



Table 13 (continued).

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.



34 Table 1 3 (continued').

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.



Table 1 3 {continued).

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.
35
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36 Table 1 3 {.cmtinued).

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.



Table 14.

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.
37
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38 Table 1 4 (continued).

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.



Table 1 4 (can/inued),

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.
39
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40 Tables 1 4 {cotuitmed) and 1 5.

CIRCULAR FUNCTIONS AND FACTORIALS.





42 Table 1 6 ieontinued).

HYBERBOLIC FUNCTIONS.



Table 1 6 (continued).

HYPERBOLIC FUNCTIONS.
43



44 Table 1 6 (contimua).

HYPERBOLIC FUNCTIONS.



Table 1 6 {cotumued),

HYPERBOLIC FUNCTIONS.
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46 Table 1 6 (fimlinued).

HYPERBOLIC FUNCTIONS.



Table 1 6 (.continued).

HYPERBOLIC FUNCTIONS.
47



48 Table 18.

EXPONENTIAL FUNCTION.

X





50 Table 18 (fontimed).

EXPONENTIAL FUNCTION.

X



Table 1 8 {cmlmued).

EXPONENTIAL FUNCTION.
51
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52 Table 1 8 (continued).

EXPONENTIAL FUNCTION.

X



Table <[& {continued).

EXPONENTIAL FUNCTION.
53

X



54 Table 19.

EXPONENTIAL FUNCTIONS.

Value ot e^' and e-^' and tlieli logailtlims.

X



Table 20.

EXPONENTIAL FUNCTIONS.

Values of &«* ana & ' and their logarlthma.

55



56 Tables 22 and 23. EXPONENTIAL FUNCTIONS AND LEAST SQUARES.

TABLE 22. — Exjonentlal FnncUons.

Value of c" and <~* and their logarithms.

X



This

Table 24.

LEAST SQUARES.
lis table gives the values of the probability P, as defined in last table, corresponding to different values ofxl r where r is the " probable error." The probable error r is equal to 0.47694/!?

57

r



58 Table 26.- LEAST SQUARES.

Values of the faotor 0.6746-1
^"V »(«-!)

This factor occurs in the equation ro=o.6745'\/ "_ for the probable error of the arithmetic r

n



Table 29.

LEAST SQUARES.
59

Observation equations

:

aizi + biZ2 4- . . . liZq = Ml, weight pi
ajzi + b2Zjj + . . . laZq = Ma. weight pa

Auxiliary equations

:

Normal equations

:

anZi + bnZa + . . . InZq= Mn, weight pn.

[paa] =pia? +p2a| + . . . p„ag.
[pab] = piaibi + paaab^ + . . . pnanbn.

[paM] = piaiMi + paaaMa + . . . p„a„Mn.

[paa]zi+ [pablza + . . . [pal]zq = [paM]
[pabjzi + [pbb]z2 + . . . [pbljz, = [pbM]

[pla]zi + iplb]z2 + . .

.'
[plljzq

=
[plM].

Solution of normal equations in the form,

zi = AifpaM] + Bi[pbM] + . . . Li[plM]
Z2 = AaLpaM] + BaLpbM] + . . . LafplM]

Zq = A„[paM] + B„[pbMi + .'.
. Ln[plM],

gives

:

weight of zi =: pzi = (Aj)— ' ; probable error of zi =

—

—
VPz,

weight of Z2 = pza = (Bj)-! ; probable error of za =
vpTj

weight of zq = pz = (Ln)""'i probable error of Zq=

—

—
VPz„

wherein
r = probable error of observation of weight unity

= 0.6745 \j (q unknowns.)

Arithmetical mean, n observations
:

r = 0.6745 -\j—— = ^^ (approx.) =probable error of ob-
'\i^—i y/a{Ti—iy servation of weight unity.

/ S v2 _ 0.8453 S V , . , , ,

To = 0.6745-t /— T ^. • (approx.) = probable error
Vn(n-i) nVn—

I

of mean.

Weighted mean, n observations:

r = 0.674sV^' ^o
=viF=°-^7^5 Vo^=irl)Sp

Probable error (R) of a function (Z) of several observed quantities zi, za, . . . whose

probable errors are respectively, rj, ra, . . . .

Z = f (zi, Za, . . .)

-O'^ (©'':-
Examples

:

Z = zi ± Za + . . . K^ = Tl + rl+ . . .

Z = Azi ± Aza ± . . . R2 =A2 rj + B^r^H- .
.".

Z = zi Z2. R2 =zi rj + Za rj.

Smithsonian Tablcs,



6o Table 30.

DIFFUSION.

Inverse * values oiv/c^\-
Vtt/:-•-^dq.

log X = log {zq) + \o%\/kt. t expressed in seconds.

= log 5 + log v''??- t expressed in days.

= log 7 + log \^kt. " " years,

j
.4= coefScient of diffusion.t

c= initial concentration.

V= concentration at distance x, time i.

v/c



Table 30 (canUnutd).

DIFFUSION.
6l

v/c



62 Table 31

.

GAMMA FUNCTION.

Valne at log I

Jo
e-'x"-'<te+ 10.

Values of the logarithms+ lo of the " Second Eulerian Integral " (Gamma function) I r-«jr<^'<& or log r(>«H-io

for values of « between i and 2. When « has values not lying between i and 2 the value of the function can be
readily calculated from the equation r(K+i) = nT(n) — «(»—i) . . . (»—r)r(«—r).

r

1.00
I.OI

1.02

1.03

1.04

1.05
1.06

1.07

1.08

1.09

1.10
i.n
1. 12

113
1. 14

1.15
1. 16
1. 17
1. 18

1. 19

1.20
1. 21

1.22

1-23

1.24

1.25
1.26

1.27

1.28

1.29

1.30
1-31

1-32

'33
1-34

1.35
1.36

1-37

1.38

1-39

1.40
1.41

1.42

143
1.44

9.99

75287
SI 279
27964
05334

9-9883379
62089

4I4SS
21469
02123

9.9783407

65313
47834
30962

9.9699007
83910
69390
5544°
42054

g.9629225
16946
05212

594015
83350

9.957321

1

63592
54487
45891

37798

9.9530203
23100
16485

10353
04698

9-9499515
94800
90549
86756
83417

9.9480528
78084
76081

74515
73382

97497
72855
48916
25671
03108

81220

59996
39428
19506
00223

81570
63538
46120
29308
13094

97471
82432
67969
54076
40746

27973
15748
04068

92925
82313

72226
62658
53604
45059
37016

29470
22417
15850
09766
04158

99023
94355
90149
86402
83108

80263
77864
75905
74382
73292

95001
70430
46561

23384
00889

79068
57910
37407
17549
9SP9

79738
61768
444"
27659
1
1 505

95941
80960

66554
52718

39444

26725
14556
02930
91840
81280

71246
61730
52727
44232
36239

28743
21739
15220
09184
03624

98535
939'3
89754
86052
82803

80003

77648

75733
74254
73207

92512
6801

1

44212
2H04
98^

76922

55830
35392
15599
96442

77914
60005
42709
26017

09922

94417
79493
65145
51366
38147

25484
13369
01796
90760
80253

70271
60806

51855
43410
35467

28021

21065

14595
08606

03094

98052

93477
89363
85707
82503

79748
77437
75565
74130
73125

90030
65600
41870
18831

96471

74783
53757
33384

94S6I

76095
58248
41013
24381

08345

78033
63742
50019
36856

24248
12188

00669
89685
79232

69301

42593
34700

27303
20396

13975
08034
02568

97573
93044
88977
85366
82208

79497
77230
75402
74010

73049

63196

3953S
16564

94273

72651
51690
31382
"717
92585

74283
56497
39323
22751
06774

91386
76578
62344
48677
35570

23017
lion
99546
88616

782IS

68337

58975
50126
41782

33938

26590
19732

13359
07466
02048

97100
92617
88595
85030
8I9I6

79250
77027

75243
73894
72976

85087
60798
37207
14305
92080

70525
49630
29387
09785
90SI8

72476
54753
37638
2II26

05209

89879
75129
60952
47341
34290

21792
09841

98430
87553
77204

67377
58067
49268
40975
33I8I

25883
19073
12748
06903
01532

96630
92194
88218
84698
81630

79008
76829
75089
73783
72908

82627
58408
34886
205:

89895

68406

47577
27398
07860

88956

70676
53014
35960
19508
03650

88378
73686
59566
4601

1

33016

20573
08675
97310
86494
76198

66423
57165
48416
40173
32429

25180
18419
12142

06344
01021

96166
91776
87846
84371
81348

78770
76636

74939
73676
72844

80173
56025
32572
09806
87715

66294

45530
25415
05941
87100

68882
51281

34288
17896
02096

86883
72248
58185
446S7

31747

19358
07515
96212
85441

75197

65474
56267

47570
39376
31682

24482
17770
1
1 541

05791
00514

95706
91362
87478
84049
81070

78537
76446

74793
73574
72784

77727
53648
30265
07567
85544

64188

43489
23439
04029
85250

67095

49555
32622
16289

00549

85393
70816
56810

43368
30483

18150
06361

95" I

84393
74201

64530

55374
46728
38585
30940

23789
17125

10944
05242
00012

95251

90953
87115
83731
80797

78308
76261

74652

73476
72728

* Legendre*3 "Exercises de Calcul Integral," tome ii.

Smithsonian Tables.



Table 31 ^continued').

GAMMA FUNCTION.
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n



64 Table 32.

ZONAL SPHERICAL HARMONICS.*

, Degrees



Table 32 {continued).

ZONAL SPHERICAL HARMONICS.
65

Degrees



66 Table 33.

ELLIPTIC INTEGRALS.

slii=eslii"0)*^<j0.Valnes

"X''^-
This table gives the values of the integrals between o and 7r/2 of the function (i—sin^Osin^^) d^ for different val-

ues of the modulus corresponding to each degree of 6 between o and 90.

e



Table 34. g^

MOMENTS OF INERTIA, RADII OF GYRATION, AND WEIGHTS.

In each case the axis is supposed to traverse the centre of gravity of the body. The axis is

one of symmetry. The mass of a unit of volume is w.

Body.

Sphere of radius r

Spheroid of revolution, po-

lar axis 2a, equatorial di-

ameter 2?-

Ellipsoid, axes 2a, ib, 2c

Spherical shell, external ra-

dius r, internal r"

Ditto, insensibly thin, ra-

dius r, thickness dr

Circular cylinder, length 2a,

radius r

Elliptic cylinder, length 2a,

transverse axes 2b, 2c

Hollow circular cylinder,

length 23, external ra-

dius r, internal r*

Ditto, insensibly thin, thick-

ness dr

Circular cylinder, length 2a,

radius r

Elliptic cylinder, length 2a,

transverse axes 2a, 2b

Hollow circular cylinder,

length 2a, external ra-

dius r. Internal r'

Ditto, insensibly thin, thick-

ness dr

Rectangular prism, dimen-
sions 2a, 2b, 2c

Rhombic prism, length 2a,

diagonals 2b, 2c

Ditto

Axis. Weight.

Diameter

Polar axis

Axis 2a

Diameter

Diameter

Longitudinal
axis 2a

Longitudinal
axis 2a

Longitudinal
axis 2a

Longitudinal
axis 2a

Transverse
diameter

Transverse
axis 2b

Transverse
diameter

Transverse
diameter

Axis 2a

Axis 2a

Diagonal zb

\jmir^

4TWaf2

iiTiwabc

3

^Twr^dr

2irwar'^

2T!Wabc

2iru/a{r^—r'^)

^rwardr

2iruiar^

zmuabc

2Trwa(r^—r"^)

^mvardr

Stvabc

Moment of Inertia lo.

i,iuabc

Smur^

IS

Sirwar*

IS

4vzoabc{b^+c^)

IS

Smu{r^—r'^)

IS

Smvr^dr

3

mvar*

irwabc(6^+c^)

2

irwa{r*—r'*)

4irwar*dr

mvarHy^+4a^
6

vwa6c{y^-4a^)

6

irwa ( 2[r*—'''*)

6 \ -|-4a2(r2-

Square of Ra-
dius of Gyra-

tion
pf.

^n)\

iTwa{2r'-i^a''r)dr

8wabc{b^+c'^)

3

2wabc{b^+c^

3

5

2>f

s

S
2(yS-->-'S)

2?f

3

2

4

fSJLfJ2

2

4'''3

£2 a2
4''"3

4 '"3

2 + 3

b'+c^

3

b^+c^

6

6 + 3

(Taken from Rankine.)

SurTHSONiAN Tables.



68 Table 35.

STRENGTH OF MATERIALS.

The strength of most matexials varies so that the following figures serve only as a rough indication of the strength of a
particular sample.

TABLE 36 (a). — Metals. TABLE 35(11). -Stones.*

Name of Metal.

Aluminum wire
Brass wire
Bronze wire, pliosphor, hard-
drawn

Bronze wire, silicon, Iiard-

drawn
Bronze : Cu, 58.54 parts ; Zn,

38.70; Al, 0.21; witii 2.55
parts of the alloy, Sn, 29.03,

wrought iron, 58.06, ferro-

manganese, 12.91

Copper wire, hard-drawn
Gold wire
Iron, cast
" wire, hard-drawn
" " annealed

Lead, cast or drawn
Palladium *

Platinum * wire
Silver* wire
Steel

" wire, maximum
" Specially treated nickel-

steel, approx. comp. 0.40
C

; 3.25 Ni ; treatment
secret

" piano wire, 0.033 '"•

diam.
" piano wire, 0.051 in. diam.

Tin, cast or drawn
Zinc, cast

" drawn

Tensile strength in

pounds per sq. in.

30000-40000
50000-1 50000

IIOOOO-140000

95000-1
1
5000

60000-75000
60000-70000
20000
13000-33000
80000-1 20000
50000-60000
2600-3300

39000
50000
42000
80000-330000
460000

250000

357000-390000
325000-337000

4000-5000
7000-13000
22000-30000

According to Boys, quartz fibres have a
tensile strength of between 1 16000 and 167000
pounds per square inch.

Material.



Table 36.

STRENGTH OF MATERIALS.
Average Results ol TlmbeT Tests.

The test pieces were small and selected. Endwise compression tests o£some of the first lot, made when green and containing over 40 per cent moistureshowed a dimmishing m-strength of 50 to 75 per cent.
">ois>cure,

See also Table 37. A particular sample may vary greatly from these data

^n.'; .h\"A"Tf^°?'y '" a general way the relative values of a kind of timber!Note that the data below are from selected samples and therefore probably highThe upper lot are from the U. S. Forestry circular No. 15 ; the lower from fhe
tests made for the loth U. S. Census.

69

NAME OF SPECIES.

Long-leaf pine
Cuban pine
Short-leaf pine
Loblolly pine
White pine
Red pine
Spruce pine
Bald cypress
White cedar
Douglass spruce
White oak
Overcup oak
Post oak
Cow oak
Red oak
Texan oak
Yellow oak
Water oak
Willow oak
Spanish oak
Shagbark hickory
Mockernut hickory
Water hickory
Bitternut hickory
Nutmeg hickory
Pecan hickory
Pignut hickory
White elm
Cedar elm
White ash
Green ash
Sweet gum

Poplar
Basswood
Ironwood
Sugar maple
White maple
Box elder

Black walnut
Sycamore
Hemlock
Red fir

Tamarack
Red cedar
Cottonwood
Beech

TRANSVERSE
TESTS.

Modulus
of rupture.
Ib./sq. in.

12,600

13,600
lO.IOO

11,300

7,900
9,100
10,000

7,900
6,300

7,900
13,100

11,300
1 2,300

11,500

11,400

13,100

10,800
1 2,400
10,400

12,000
i6,ooo

15,200

12,500

15,000

12,500

1 5,300
18,700

10,300

13>500
10,800
11,600

9.50°

9,400
8,340

7.540
16,500

14,640

7,580
11,900

7,000

9,480
13,270

13.150
11,800

10,440
16,200

Modulus of
elasticity.

Ibs./sq. in.

2,070,000

2,370,000
1,680,000
2,050,000

1,390,000
1,620,000

1,640,000

1,290,000

910,000
1,680,000

2,090,000

1,620,000

2,030,000

1,610,000

1,970,000
1,860,000

1,740,000

2,000,000

1,750,000

1,930,000

2,390,000
2,320,000

2,080,000

2,280,000

1,940,000

2,530,000

2,730,000

1,540,000

1,700,000

1,640,000

2,050,000

1,700,000

1,330,000

1,172,000

1,158,000

2,250,000

1,800,000

873,000
1,560,000

790,000
1,138,000

1,870,000

1,917,000

938,000
1,450,000

1,730,000

COMPRESSION.

II to grain,

Ibs./sq. in.

8,000

8,700

6,500

7.400
S.4OO
6,700

7.300
6,000

5,200

5,700
8,500

7.300
7,100

7,400
7,200
8,100

7.300
7,800

7,200

7,700

9.500
10,100

8,400

9,600
8,800

9,100
10,900

6,500
8,000

7,200
8,000

7,100

5,000

5,190

S.275
8,800

6,850

4,580
8,000

6,400

5.400

7,780

7,400

6,300

5,000

6,770

1 to grain.

Ibs./sq. in.

1260
1200

1050
II50

700
1000
1200
800
700
800

2200
1900
3000
1900
2300
2000
rSoo
2000
1600
1800

2700
3100
2400
2200
2700
2800
3200
1200
2100

1900
1700
1400

II20
880
2000
3600
2580
1580
2680

2700
1 100

1750
1480
2000
1 100
2840

SHEAR-
ING.

Along the
gram.

Ibs./sq.

835
770
770
800
400
500
800
500
400
500

1000
1000
1 100

900
IIOO

900
IIOO
IIOO

900
900
IIOO
IIOO
1000
1000
IIOO
1200
1200
800
1300
IIOO
1000
800

Smithsonian Tables.
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EXPRESSED IN

Table 37.

UNIT STRESSES FOR STRUCTURAL TIMBER
POUNDS PER SQUARE INCH.

Recommended by the Committee on Wooden Bridges and Trestles, American Railway
Engineering Association, 1909.



Tables 38-39.

ELASTIC MODULI.
71

TABLE 38. -Rigidity Uoaulns.

If to the four consecutive faces of a cube a tangential stress is applied, opposite in direction on
adjacent sides, the modulus of rigidity is obtained by dividing the numerical value of the tangential
stress per unit area (kg. per sq. mm.) by the number representing the change of angles on the
non-stressed faces, measured in radians.

Substance.

Aluminum
" cast ....

Brass

" cast, 6oCu+ i2Sn
Bismuth, slowly cooled .

Bronze, cast, 88 Cu-|- 12 Sn
Cadmium, cast ....
Copper, cast

11

Gold. ..!'.'.!!

Iron, cast

«(

tt

Magnesium, cast . . .

Nickel
Phosphor bronze . . .

Rigidity
Modulus.

3350
2580

3550
371S
3700
1240
4060
2450
4780
4213
4450
4664
2850

3950
5210
6706

7975
6940
8108

7505
1710
7820

4359

Refer-
ence.

14

5
10
II

S

s

s

s

18

10

19

5
14

s
15
10

7
16

14

5

5
II

Substance.

Quartz fibre . . .

Silver

(t

" hard-drawn .

Steel
" cast . . . .

" cast, coarse gr.
" silver- . . .

Tin, cast ....
((

Zinc
((

Platinum . . . .

Glass

Clay rock ....
Granite
Marble
Slate

Rigidity
Modulus.

2888

2380
2960
2650
2566
2816
8290

7458
8070
7872
1730
1543
3880
3820
6630
6220

2350
2730
1770
1280
II90

2290

Refer-
ence.

20
21

5
10

16

II

16

15

5
II

5

19

5
19
16

22

23
23
23
23

References 1-16, see Table 48.

17 Gratz, Wied. Ann. 28, 1886.

18 Savart, Pogg. Ann. 16, 1829.

19 Kiewiet, Diss. Gbttingen, 1886.

20 Threlfall, Philos. Mag. (5) 30, 1890.

21 Boys, Philos. Mag. (5) 30, 1890.

22 Thomson, Lord Kelvin.

23 Gray and Milne.

24 Adams-Coker, Carnegie Publ. No. 46,

igo6.

TABLE 39.— Vaitation (d tlis Rigidity Hodulns wltb tlie TempeiatuTe.

ti,=^no (i — at— $fi— yfi), where t= temperature Centigrade.

Substance. oio" /5io8 yio*o Autbority.

Brass .

(I

Copper

.

Iron . .

II

Platinum
Silver .

Steel .

2652



72

Young's Modulus =

Table 40.

ELASTIC INAODULI.

Tonng's Uodnlus.

Intensity of longitudinal stress (kg. per sq. mm.)
_

Elongation per unit length

Substance.



Tables 41-44. 73
COMPRESSIBILITY, HARDNESS, CONTRACTION OF ELEMENTS.

TABLE 41.— OompreaslbiUty ol the More Important SoUl Elements.

Arranged in order of the increasing atomic weights. The numbers give the mean elastic change
of volume for one megabar (0.987 atm.) between 100 and 500 megabars, multiplied by lo^.

Lithium



74 Table 45.

' ELASTICITY OF CRYSTALS.*

The formulae were deduced from experiments made on rectangular prismatic bars cut from tlie crystal. These bars
were subjected to cross bending and twisting and the corresponding Elastic Moduli deduced. The symbols

J.
^ V' ."t ^1 Vi and ttj ^2 ^2 represent tlie direction cosines of the length, the greater and the less transverse

dimensions of the prism with reference to the principal axis of the crystal. E is the modulus for extension or
compression, and T is the modulus for torsional rigidity. The moduli are in grams per square centimeter.

Barite.

-^= i6.i3o«+ 18.51/3'+ io.42y+ 2(38.79;8V-f 15.217V +8.88o";3-)

^= 69.520*+ Ii7.66j3'+:ii6.467*+ 2(20.i6i8V+ 85-297V+ i27.35o5;82)

Beryl (Emerald).

—p- = 4.325 sm*<p+ 4.619 cos*0+ 13.328 sin20 cos^

-™-= 15.00— 3.67s COS*02— 17-536 COS^^ COS^ipi

'

r where (p 0i ^2 are the angles which
the length, breadth, and thickness
of the specimen make with the
principal axis of the crystal.

Fluorspar.

V = '3-oS- 6-26 (««+ )3' + y)

-^ = 58.04— 50.08 (iSV + 7V+ a?P^)

Pyrite.

ig°=5.o8-2.24(a<+ /3'+ y)
roll'

'-^= 18.60-17.95 OV+ 7V + 0^)32)

Rock salt.

-5-= 3348-9-66(a«+ i3*+ 7*)

loW^= 1 54.58— 77.28 (5V + 7V +a?e^)

Sylvine.

i^°= 75.1-48.2 (a*+ i8'+ 74)

loi"

-Y= 3°6.o— 192.8 {)3V+ 7V+ a^e'^

Topaz,
loi"

-^ =4-34i<««+ 3.460/3*+ 3.7717*+ 2 (3.87918V+ 2.8567V+ 2.39a2/32)

10',10

^ = 14.8S0*+ 16.543*+ 16.457*+ 3O.S90V+ 40.897V+ 43.5102/32

Quartz,
loio
-£-= 1 2.734 (l— 7^)^+ 16.693 (l — 7^)7'' + 9.7057*— 8.460/37 (3a2— fl2)

loW
-ij^= 19.665+ 9.060722 + 22.98472712- 16.920 [(7/81+ ,871) (3aai- e$0 - P-m)]

* These formulae are taken from Voigt's papers (Wied. Ann. vols. 31, 34, and 35).

Smithsonian Tables.



Table 46.

ELASTICITY OF CRYSTALS.
75

^°Z Fhjliwl^r
™'H",?f 'he Elastic Moduli are here given. Under E are given moduli for extension or compression

(a) Isometric System.*

Substance.

Fluorspar
Pyrite .

Ruck salt

Sylvine .

Sodium chlorate

Potassium alum .

Chromium alum
Iron alum . . .

1473 X io«

3S30 X io6

419X106
403 X 106

401 X io«

372 X loii

405 X 106

181 X 108

161 X 108

186 X 106

1008 X 10'

2530 X 10*

349 X 108

339 X 106

209 X 10"

196 X 10'

319 X 106

199 X lo"

177 X 106

910 X 10^

2310 X 10^

303 X 106

345 X 106

1075 X 106

129 X 10^

65s X io«

Authority.

Voigt.t

Koch.t

Voigt.

Koch.
Beckenkamp.j

(*) Orthorhombic System.
II

Substance.

Barite

Topaz

El

620 X 10*

2304 X 108
540 X 106

2890 X 10^
959 X 106

2652 X 10^

Substance. T,. = T,

E4

376 X 106

2670 X 10^
702 X 10^

2893 X 10^
740 X io»

3180 X 10^

Authority.

Voigt.

Ti 8 — T3 To 8 — To Authority.

Barite

Topaz
283 X 10^

1336 X 10'
293 X 10'

1353X106
121 X 106

1104 X 106
Voigt.

In the MoNOCLiNic System, Coromilas (Zeit. fiir Kryst. vol. i
)
gives

GvDSum \
^,^1^887 X 106 at 21.9° to the principal axis.

( E^„ = 313 X 106 at 75.4°
«

Mica \ E„i„= 2213 X 106 in the principal axis.

I E^„ ^ 1554 X 106 at 45° to the principal axis.

In the Hexagonal System, Voigt gives measurements on a beryl crystal (emerald).
The subscripts indicate inclination in degrees of the axis of stress to the principal axis of
the crystal.

£0= 2165X108, £45= 1796X106, £50= 2312X106,

To= 667 X 106, T90= 883 X 106. The smallest cross dimension of the

prism experimented on (see Table 82), was in the principal axis for this last case.

The subscripts have the

£90= 785X106,

In the RhombohedKAL System, Voigt has measured quartz,

same meaning as in the hexagonal system.

£0=1030X106, £_45= 1305X106, £4.45= 850X10'

To= 508 X io«, T90= 348 X 106.

Baumgarten If gives for calcite

£0=501X106, £_45= 44iXio6, £+45= 772X106, £90= 790X106.

* In this system the subscript a indicates that compression or extension takes place along the crystalline axis, and

distortion round the axis. The subscripts * and c correspond to directions equally inclined to two and normal to the

third and equally inclined to all three axes respectively.

T Voigt, " Wied. Ann." 31, p. 474, p. 7°', '887; 34i P' 981, "888; 36, p. 642, 1888.

t Koch, " Wied. Ann." iS, p. 325, 1882.

§ Beckenkamp, "Zeit. fiir Kryst." vol. 10.
, i. x *i, f *

II The subscripts i, 2, 3 indicate that the three principal axes are the axes of stress; 4. 5. ° 'hat the axes ot stress

are in the three principal planes at angles of 45° to the corresponding axes.

H Baumgarten, '* Pogg. Ann." 152, p. 369, 1879.

Smithsonian Tables.



7^ Tables 47-49.

COMPRESSIBILITY OF GASES.

TABLE 47. — Relative Volnmes at Various Preaaures anl TemperatnTes, the volnme at 0° and at 1 atmo-



Tables 50-52,

COMPRESSIBILITY OF GASES.

TABLE 60.— Caibon Dioxide.

77

Pressure in



78 Tables 53-54,

RELATION BETWEEN PRESSURE, TEMPERATURE AND
VOLUME OF SULPHUR DIOXIDE AND AMMONIA.*

TABLE 63.— Snlplini Dioxide.

Original volume looooo under one atmosphere of pressure and the temperature of the experi-

ments as indicated at the top of the different columns.

e



Table 55.

COMPRESSIBILITY OF LIQUIDS.

79

If yi is the volume under pressure /i atmospheres at t°C, and Vi is volume at pressure pi and the
same temperature, then the compressibility coefficient may be defined at that temperature as

:

n Pl-P^

In absolute units (referred to megadynes) the coefficient is -ft.
1.0137

Substance.



8o Table 56.
I

COMPRESSIBILITY AND BULK MODULI OF SOLIDS.

SoUd.

Crystals : Barite . . .

Beryl . . ,

Fluorspar ,

Pyrites . .

Quartz . .

Rbck salt .

Sylvine . .

Topaz . . .

Tourmaline .

Brass
Copper
Delta metal . . . .

Lead
Steel

Glass

Compression
per unit

volume per

atmo. X lo".

1-93

0-747
I.30

1. 14
2.67

4.20*

7-4-S*
o.5i

0.1 13

°-§^
0.86

1.02

2.76

0.68

2.2-2.9

Authority.

Voigt

Amagat .

Buchanan
Amagat .

Calculated values of bulk
modulus in—

Grams per
sq. cm.

53SXio»
1384

"

860 "

906 "

387
"

246
"

138
"

1694
"

9140
"

logo "

1202 "

1012 "

374
"

1518
"

40s "

Pounds per
sq. in.

7.61 XI0»
19.68

"

12.24
"

12.89
"

5-So
"

3-SO
"

1.97
"

24.11
"

130.10
"

15.48
"

17.10
"

14.41
"

5-32
"

21.61 "

5.76
"

Note • Winklemann, Schott, and Straulel (Wied Ann. 6i, 63, 1897; 68, 1899) give the follovring coefficients (among

others) for various Jena glasses in terms of the volume decrease divided by the increase of pressure expressed in kUo-

erams per square millimeter: ,. . „ .. .

The follovring values in cm" / Kg of io» X Compressibility are given for the cor responding temperatures by Gruneisen

Ann. der Phys. 33, p. 65, 1910.

Al. —191°, 1.32; 17°, 1.46; 125°, 1.70.

Cu. — 191°, 0.72; 17°, 0.77; 165°, 0.83.

Pt. — 189°, 0.37 ; 17°, 0.39 ; 164°, 0.40.

Fe. — 190°, 0.61 ; 18°, 0.63 i
165°, 0.67.

Ag.— 191°, 0.71 ; i5°, 0.76 ; 166°, 0.86.

Pb.-i9iO,(2.5);i4°, (3.2)

No.



Table 57.

SPECIFIC GRAVITIES CORRESPONDING TO THE BAUME SCALE.
8l

The specific gravities are for 1 5.56=0 (eo'F) referred to water at the same temperature as unity.
i< or specific gravities less than unity the values are calculated from the formula

:

Degrees Baume = ^ r^^ : 1-50.
Specific Gravity •'

For specific gravities greater than unity from:

Degrees Baume = 145 - 14s
Specific Gravity



82 Tables 58-59.

REDUCTIONS OF WEIGHINGS IN AIR TO VACUO.
TABLE 68.

When the weight M in grams of a body is determined in air, a correction is necessary for the

buoyancy of the air equal to MS(i/d— i/d,) where S = the density («"• o£ if" "LJ^t?,= 0.0012) of the air during the weighing, d the density of the body, d, that of the weignts.

S for various barometric values and humidities may be determmed from Tables 153 to 155. ine

following table is computed for 8 = 0.0012. The corrected weight = M+ kM/iooo

Density
of body
weighed

d.

I
7

80
85
,90

9S
.00

I

2

3
4
5

Correction factor, k.

Pt. Ir.

weights
d,= 2i.s.

+ 2-34

+ I.9d

+ 1.66

+ I-S5

+ 1.44

+ 1.36

+ 1.28

-\- 1. 21

+ I.I4

+ 1.04

+ 0.94

+ -87

+ .80

+ -75

Brass
weights

8.4.

+ 2.26

+ 1.86

+ 1-57

+ 1.46

+ 1-36

+ 1.27

+ 1.19

+ 1. 12

+ 1.06

+ 0.95

+ .86

+ .78

+ -71

+ .66

Quartz or
Al. weights

2.65.

I -95

1.26

I.15

1.05

0.96

+ -75

+

•55

•47

.40

•35

Density
o£ body
weighed

d.

1.6

'•7

1.8

'•9

2.0

2.S
3^o

4.0
6.0

8.0

lO.O

15.0

20.0

22.0

Correction factor, k.

Pt. Ir.

weights

di= 2i.5.

+ 0.

+
+
+
+
+
+
+
+
+
+
+
+

69

58

54
43
34
24
14

09
.06

03
.004

001

Brass
weights

8.4.

+ 0.61

+ ^56

+ -52
-- ^49
-- .46

"fe
— .16
-- .06
-- .01

— .02

— .06

— .08

— .09

Quartz or
AT. weights

2.65.

+ 0.30

+ .25

+ .21

+ .18

+ ^15

+ -03

— •OS— •IS— •zS— -2°

— -33— -37— ^39— .40

TABLE 59,— Relnctlons ol Densities In All to Vacuo.

(This correction may be accomplished through the use of the above table for each separate

weighing.)

If s is the density of the substance as calculated from the uncorrected weights, S its true den-

sity, and L the true density of the liquid used, then the vacuum correction to be applied to the

uncorrected density, s, is 0.0012 (i — s/L).

Let Ws= uncorrected weight of substance, Wl := uncorrected weight of the liquid displaced

by the substance, then by definition, s= LWs /Wi. Assuming D to be the density of the

balance of weights, Ws {i + o.ooi 2 (i/S — i /D) } and Wi {i + 0.0012 (i /L— i/D) } are the

true weights of the substance and liquid respectively (assuming that the weighings are made
under normal atmospheric corrections, so that the weight of i cc. of air is 0.0012 gram).

Wsli + 0.0012 (i/S— i/D) }
Then the true density S= -, -_ -4L.

But from above Ws/Wi =

Wl{i + 0.0012 (i/L— I/D)}

= s/L, and since L is always large compared with 0.0012,

S— 3= 0.0012 (i — s/L).

The values of 0.0012 (i — s/L) for densities up to 20 and for liquids of density I (water),

0.852 (xylene) and 13.55 (mercury) follow

:

(See reference below for discussion of density determinations).

Density of

substance
s.



Table 60. 3"^

DENSITY OR MASS IN CRAMS PER CUBIC CENTIMETER OF THE
ELEMENTS, LIQUID OR SOLID.

N. B. The density of a specimen may depend considerably on its state and previous treatment.

Element.



g. Table 60 (cmdmud).

DENSITY OR MASS IN CRAMS PER CUBIC CENTIMETER OF THE
ELEMENTS, LIQUID OR SOLID.

Element.



Tables 60 {contimud) mo 61. MASS OF VARIOUS SUBSTANCES. %s,

TABLE 60 (»»jfi«i«rf).— Density or mass In grams per cuMo oenUmeter ana pounds per ouWo loot ol tie
elements, llanlA or sollA.

Element.



86 Table 62.

DENSITY OR MASS IN GRAMS PER CUBIC CENTIMETER AND POUNDS
PER CUBIC FOOT OF VARIOUS SOLIDS.

N. B. The density of a specimen depends considerably on its state and previous treatment j
especially is this the

case with porous materials.

Material.



Table 63.

DENSITY OR MASS IN CRAMS PER CUBIC CENTIMETER
AND POUNDS PER CUBIC FOOT OF VARIOUS

ALLOYS (BRASSES AND BRONZES).

87



88 Tables 64-65.

Table 64.- DENSITIES OF VARIOUS NATURAL AND ARTIFICIAL

MINERALS.

(See also Table 62.)



Tables 66-67.

WEIGHT OF SHEET METAL.
89

TABLE 66.— Weight ol Sheet Metal. (Ketilo Measure.)

This table



go Table 68.

DENSITY OF LIQUIDS.

Density or mass in grams per cubic centimeter and in pounds per cubic loot of various liquids.



Table 69.

DENSITY OF CASES.
91

The following table gives the density of the gases at 0° C, 76 cm. pressure, at sea-level and lati-
tude 45 relative to air as unity and under the same conditions ; also the weight of one liter ingrams and one cubic foot in pounds.

Gas.



92 Table 70.

DENSITY OF AQUEOUS SOLUTIONS.

The following table gives the density of solutions of various salts in water. The numbers give the weight in

grams per cubic centimeter. For brevity the substance is indicated by formula only.



Table 70 {continued).

DENSITY OF AQUEOUS SOLUTIONS. ,

93



94 Table 71. "

DENSITY OF PURE WATER FREE FROM AIR.

[Under standard pressure (76 cm), at every tenth part of a degree of the international hydrogen scale from 0° to 41

C, in grams per milliliter ^]

De-



Table 72. ne

VOLUME IN CUBIC CENTIMETERS AT VARIOUS TEMPERATURES OF
A CUBIC CENTIMETER OF WATER FREE FROM AIR AT THE

TEMPERATURE OF MAXIMUM DENSITY.

Hydrogen Theimometer Soale.

Temp.



96 Table 73.

DENSITY AND VOLUME OF WATER.

The mass of one cubic centimeter at 4° C. is taken as unity.

Temp. C.



Table 74.

DENSITY OF MERCURY.
Density or mass in grams per cubic centimeter, and the volume in cubic

centimeters of one gram of mercury.

97



gS Table 75.

DENSITIES OF MIXTURES OF ETHYL ALCOHOL AND WATER IN CRAMS
PER MILLILITER.

The densities in this table are numerically the same as specific gravities at the various temperatures in terms o^'"^"

at 4° C. as unity. Based upon work done at U. S. Bureau of Standards. See BuUetm Bur. Stds. vol. 9. no. 3
.

o"
tains extensive bibliography ; also Circular 19, 1913.



Table 75 {continued). 99
DENSITY OF MIXTURES OF ETHYL ALCOHOL AND WATER IN CRAMS

PER MILLILITER.

Per cent
C2H5OH
by weight

50

SI

52

S3
S4

P

59

60
61

62

63
64

65
66
67
68

69

70
71

72

73
74

^^
77
78

79

80
81

82

?3
84

8S
86
87
88

90
91
92

93
94

96

9Z
98

99

Temperature.

10° C.

0.92:62

91943
723
502

279

055
,90831

607
381

IS4

.89927

698
468

237
006

.88774

541
308
074

•87839

602

365
127

648

408
168

.85927
685
442

197
.84950

702

453
203

•83951

697
441
181

.82919

654
386
114

.81839
561

278
.80991

698

399
094

.79784

.5°C. 20° c.

0.91776

555
333
no

.90885

659

433
207

.89980

752

523
293
062

.88830

S97

364
130

.87895
660

424

187

710
470
229

.85988

747

262
018

.84772

525
277
028

•83777

525
271
014

.82754

492

227

.81959
688

413
134

.80852

566
274

79975
670

360

0.91384
160

.90936

485

258
031

.89803

574
344

'i3

650
417
183

.87948

713
477
241

004

.86766

527
287

047
.85806

564
322

079
.84835

590

344
096

25° C.

599
348

095
.82840

583
323
062

.81797

529
257

.80983

705

424
138

.79846

547
243

•78934

30° C. 35° C

0.90985
760

534
307
079

.89850
621

392
162

.88931

699
466

„ ^33
.87998

763

527
291

054
.86817

579

340
100

85859
618

376

134
I

647
403
158

.83911

664

164
.82913

660

405
148

.81888
626

362

094
.80823

549
272

.79991
706

415
117

.78814

506

0.90580

353
125

667

206

.88975

744
512

278

044
.87809

574
337

.86863

625
387
148

.85908

667
426
184

.84941

698

455
211

.83966
720

473
224

•82974
724

473

.81965

708

448
186

.80922

384
III

•7983s

S5S
271

.78981

684
382

075

0.90168

.89940
710

479
248

016
.88784

552
319
085

.87851

61S
379
142

.86905

667

429
190

•85950
710

470
228

743
500

257

8376^
523
277

029
.82780

530
279
027

.81774

262

003
.80742

478
211

7994«
669

393

114

•78831

542
247

.77946

641

40° c.

0.89750

288

056
.88823

589
356

653

417
180

86943

':^

227

85987
747
507
266

025
.84783

540
297

053

.83809

564
319
074

.82827

578
329
079

.81828

576

322
067

.80811

552
291

028
.79761

491
220

78947

670
388
100

.77806

507

203

Smithsonian Tables.



lOO Table 76.

DENSITIES OF AQUEOUS MIXTURES OF METHYL ALCOHOL,
CANE SUGAR, OR SULPHURIC ACID.

Per cent
by weight

of

substance.



Table 77.

VELOCITY OF SOUND IN SOLIDS.

lOI

.
The numbers given in this table refer to the velocity of sound along a bar of the substance, and hence depend on the

Young's Modulus of elasticity of the material. The elastic constants of most of the materials given in this table
vary through a somewhat wide range, and hence the numbers can only be taken as rough approximations to the
velocity which may be obtained in any particular case. When temperatures are not marked, between io° and 20°

is to be understood.



I02 Table 78.

VELOCITY OF SOUND IN LIQUIDS AND CASES.
For gases, the velocity of sound =



103
Tables 79-80.

MUSICAL SCALES.
(Jhl fK.^'h'i""?

between two notes may be expressed precisely (i) by the ratio ot their vibration frequencies-(2) by the number of equally-tempered semitones between them (E. S.); also, less convenientlv U) bv thrcommTTn
i°„^H ?=?S f ""

?J',?
'°

i''=
'^' ^^- ">« I'-gths of the two portions of iheteisestrTngThfchwi'HfurnU the notes"

th»H^„r ?,i T °'
""k

°'^''? r.™"y-,
The ratio in (4) is the reciprocal of that in (i); the nuXr for (s) is i/iTofthat for (2); the number for (2) is nearly 40 times that for (3).

uu"""" lui vj; 19 1/12 oi

vihrtn^Z'.Srttlfn'S '"i''°
middle octave, including vibration frequencies for three standards of pitch; a= 435 double

t^n The Snfii H^»,J;. =.%'""°7r'™^'
"?°<'ard and was adopted by the American Piano Manufacturers' Assoc^!

maiir Uiads'^etutTtro^ettave.'^tS:'''
'^ "^"^"^ '*''*"'^'^' '"'^'"7

''f'^'^f'T '"= '"""' "' ""^ """^ ''"'"=*4:5.6' '4:5:6
F A C E G B D
16 20 24 30 36 45 54

24 27 30 32 36 40 45 48
Other equivalent ratios and their values in E. S. are given in Table 80. By transferring D to the left and using the
ratio 10 : 1 2 : IS the scale of A-minor is obtained, which agrees with that of C-major except that D =: 26 2/3. Nearly the
same ratios are obtained from a series of harmonics beginning with the eighth; also by taking 12 successive perfect
or rytliagorean bfths or fourths and reducing to one octave. Such calculations are most easily made by adding and
suDtractmj intervals expressed in E. S. The notes needed to furnish a just major scale in other keys may be found
by successive transpositions by fifths or fourths as shown in Table 80. Disregarding the usually negligible difference
of ,0.02 E. S., the table gives the 24 notes to the octave required in the simplest enharmonic organ; the notes fall into
pairs that differ by a comma, 0.22 E. S. The line "mean tone" is based on Dom Bedos' rule for tuning the organ
(1740). The tables have been checked by the data in Ellis' Helmholtz's "Sensations of Tone."



I04 Table 81.

ACCELERATION OF GRAVITY.

Foi Sea Level and Dlileient Latltadai.

Calculated from Helmert's formula :

(7=igm.78o3o (1+0.005302 sin.^ * — 0.000007 sin.^2*)



Table 82.
GRAVITY.

In this table the results of a number of the more recent gravity determinations are biought together. They
show the degree of accuracy which may be assumed for the numbers in Table Si. In general, gravity t
lower than the calculated value for stations far inland and sliirhtlv hiirher nn th- .r,,.=» lin»calculated value for stations far inland and slightly higher on the coast line.

105

serve to
is a little

Place.

Singapore
Georgetown, Ascension .

Green Mountain, Ascension
Loan da, Angola . . .

Caroline Islands . . .

Brfdgetown, Barbadoes
Jamestown, St. Helena
Longwood, "

Pakaoao, Sandwich Islands
Lahaina, " "

Haiki,

Honolulu, " "

St. Georges, Bermuda
Sidney, Australia . .

Cape Town ....
Tokio, Japan ....
Auckland, New Zealand
Mount Hamilton, Cal. (Lick

(( « (t ti

San, Francisco, Cal.

Obs.

Washington, D. C*
Denver, Colo. . . .

York, Pa
Ebensburgh, Pa. . .

Allegheny, Pa. . .

Hoboken, N. J. . .

Salt Lake City, Utah
Chicago, 111. . . .

Pampaluna, Spain .

Montreal, Canada .

Geneva, Switzerland

Berne,
Zurich, "

Paris, France . . . •

Kew, England . . .

Berlin, Germany . . .

Port Simpson, B. C. .

Burroughs Bay, Alaska
Wrangell, "

Sitka,

St. Paul's Island, "

Juneau, "

Pyramid Harbor, "

Yakutat Bay, "

Latitude.

N. +, S. -

1° 17'

-7 S6
-7 57
-8 49
- 10 00
13 04
IS 55
15 57
20 43
20 52
20 56
21 18

32 23
-33 52
-33 56

35 41
-35 52

37 20

37 20

37 47
37 47
38 53

39 54
39 58
40 27

40 28

40 44
40 46
41 49
42 49
45 31

46 12

46 12

46 57

47 23
48 50

51 28

52 30

54 34

5| 59
56 28

57 03
57 07
58 18

59 1°

59 32

Elevation
in meters.

14

686
46
2

18

10

533
3001

3
"7

3
2

43
II

6

S3
1282
1282

114

114
10

1645
122

^^l
348
ri

1288

165

450
100

405
405
572
466
67

7

49
6
o

7
8
12

5

5

4

Gravity,

Observed.

978.08

978.25
978.TO

978.15

978.37
978.18

978.67

978.53
978.28
978.86

978.91

978.97

979.77
979.68
979.63

979.95
979.68
979.66
979.68

979.96
980.02
980.11

979.68
980.12

980.08

980.09
980.27

979.82

980.34

980.34
980.73
980.58
980.60
980.61

980.67

980.96
981.20
981.26

981.46
981.51
981.60

981.69

981.67

98 1.74
981.82

981.83

Reduced to
sea level.

978.08

978.25
978.23
978.16

978.37
978.18

978.67

978.59
978.85
978.86

978.93

97897
979-77
979.69
979.62

979-95
979.69
979-91

979.92

979.98
980.04
980.11

979.98
980.14
980.20

980.15

980.27

980.05

980.37
980.42

980.75
980.64
980.66

980.69

980.74
980.97
981.20

981.27

981.46
981.51
981.60

981.69

98 1.67
981.74
981.82

981.83

1 Smith : " United States Coast and Geodetic Survey Report for 1884," Ajpp. 14.

2 Preston :
" United States Coast and Geodetic Survey Report for 1890, App. 12.

3 Preston : Ibid. 1888, App. 14-

4 Mendenhall : Ibid. 1891, App. 15.

5 Defforges : " Comptes Rendus," vol. 118, p. 231.

6 Pierce " U. S. C. and G. S. Rep. 1883," App. 19. „ t,

7 Cebriai; and Los Arcos : "Comptes iendus des Seances de la Commission Perma-

nente de I'Association G^odesique International," 1893- „
8 Pierce: "U. S. C. and G. S. Report 1876, App. 15, and 1881, App. 17-

9 Messerschmidt : Same reference as 7.
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I06 Table 83.

SUMMARY OF RESULTS OF THE VALUE OF GRAVITY (gr) AT STATIONS

IN THE UNITED STATES AND ALASKA.*



Tables 84-85.

LENGTH OF THE SECONDS PENDULUM.
TABLE 84. — Lengtli ol Seconds Penlnlum at Sea Level lor DUleient Latitudes.*

107

Lati-

tude.



io8 Tables 86-87.

MISCELLANEOUS GEODETIC DATA.*

TABLE 86.

Length of the seconds pendulum at sea level =/=39.oi254°+°-z°8268sm= finches.
^

=3.251045+0.017356 sin^0 feet.

=0.9909910+0.005290 sin"0meters.

Acceleration produced by gravity per second „, „ •2j.t„t "

per second mean solar time . . •
=^32-°86S28+o.i7i2?3sin^'^feet

=977.9886+5.2210 sin'' <t>
centimeters.

Equatorial radius =0=6378206 meters

;

3963.225 miles.

Polar semi-diameter =^.=6356584 meters

;

3949.790 miles.

a
Reciprocal of flattening=—^=295.0

Square of eccentricity =«°=—j— =0.006768658

6378388± 18 meters;

9 3963-339 miles.

^ 6356909 meters

;

"^ 3949.992 miles.

^
5>. 297.0+ 0.5

^ 0.0067237+0.0000120.

?!

s

Difference between geographical and geocentric latitude— ^—0'—
688. 2242" sin 2 0— 1. 1482" sin 4 0+0.0026" sin 60.

Mean density of the Earth=5.5247 ±0.0013 (Burgess Phys. Rev. 1902).

Continental surface density of the Earth=2.67 \ jjarkness.
Mean density outer ten miles of earth's crust=2.40 J

Moments of inertia of the Earth; the principal moments being taken as A, B, and C, and

C the greater

:

C-A ^ I—;=— =0.00326521=—7—

;

C 306.259
C—-4 =0.001064767 ^a";
/i =^=0.325029 £0'';

C =0.326094 Ea? ;

where £ is the mass of the Earth and a its equatorial semidiameter.

TABLI! 87. — Lengtli of Degrees on the Earth's Snilace.



Table 88.

MISCELLANEOUS ASTRONOMICAL DATA.
109

Length of sidereal year=365.2563S78 mean solar days

;

=365 days 6 hours 9 minutes 9.314 seconds.

Length of tropical year=36s.242i9987o—0.0000062124-^—^^ mean solar days;

=365 days s hours 48 minutes (46-069— 0.53675—^—^ seconds.

Length of sidereal month

=27.321661162—0.00000026240. days;

=27 days 7 hours 43 minutes
(
ii-524— 0.022671 — ) seconds.<

(i—1900X2

Length of synodical month

= 29.530588435—0.00000030696 ^^^ days

;

=29 days. 12 hours 44 minutes [2.84:— 0.026522 \ seconds.

\
'°°

J
Length of sidereal day =86164.09965 mean solar seconds.

N. B.— The factor containing t in the above equations (the year at which the values of the
quantities are required) may in all ordinary cases be neglected.

Mean distance from earth to sun= 92900000 miles= 149500000 kilometers.

Eccentricity of the earth's orbit= e=
0.01675104— 0.0000004180 (/— 1900) — 0.000000126

Solar parallax =^8.7997"^; 0.003 (Weinberg, A. N. 165, 1904)

;

8.807 i 0.0027 (Hinks, Eros, 7)

;

8.799 (Samson, Jupiter satellites ; Harvard observations),

Lunar parallax= 3422.68".

Mean distance from earth to moon= 60.2669 terrestrial radii

;

= 238854 miles;

= 384393 kilometers.

Lunar inequality of the earth= L= 6.454".

Parallactic inequality of the moon=Q= 124.80".
/;—i8oo\

Mean motion of moon's node m 365.25 days= /i=— 19° 21' 19.6191"+ 0.14136" ( Too~
J

Eccentricity and inclination of the moon's orbit= ^2 =0.05490807.

Delaunay's 7= sm i/= 0.044886793.

7=50 08' 43-3546".

Constant of nutation= 9.2'.

Constant of aberration= 20.4962± 0.006 (Weinberg, 1. c.).»

Time taken by light to traverse the mean radius of the earth's orbit

= 498.82^0.1 seconds (Weinberg);

= 498.64 (Samson).

Velocity of light= 186330 miles per second (Weinberg);

= 299870i 0.03 kilometers per second.

General precession= 50.2564" + 0.000222 {t— 1900).

Obliquity of the ecliptic= 23° 27' 8.26"— 0.4684 (/— 1900).

Gravitation constant= 666.07 X lO-i" cm'/gr. sec" J- 0.16 X io-».

* Recent work of Doolittle's and others indicates a value not less than 20.51,

Smithsonian Tables.



no Tables 89-91 .-ASTRONOMICAL DATA.

Table 89.—FlanetaiT DaU.

Body.



IllTable 92.

TERRESTRIAL MAGNETISM.
Secular Change ol Declination.

Changes in the magnetic declination between 1810, the date of the earliest available observa-
tions, and 1910, for one or more places in each state and territory.

State.



112 Table 92 (canimuid).

TERRESTRIAL MAGNETISM {continued).

Seonlai CliBnge of Declination (continued).

State.



Tables 93-94.

TERRESTRIAL MAGNETISM ^continued).

TABLE 93.— Dip or InoUnatlon.

"3

This table gives for tiie epocli January i, igoj, the values of the magnetic dip, I, correspondine
to the longitudes west of Greenwich in the heading and the north latitudes in the first column.

o



114 Tables 95-96.

TERRESTRIAL MAGNETISM (continued).

TABLE 96.— Horizontal Intenslt;.

This table gives for the epoch January i, 1905, the horizontal intensity, H, expressed in C. G. S.

units, corresponding to the longitudes in the heading and the latitudes in the first column.



Tables 97-98. '

TERRESTRIAL MAGNETISIVI Icmtinued).

TABLE 97. — Total Intensity.

115

This table gives for the epoch January i, 1905, the values of total intensity, F, expressed in C. G. S.
units corresponding to the longitudes in the heading and the latitudes in the first column.



ii6 Table 99.

AGONIC LINE.

The line of no declination appears to be still mov-
ing westward in the United States, but the line of no
annual change is only a short distance to the west of

it, so that it is probable that the extreme westerly
position will soon be reached.



117Table 100.

RECENT VALUES OF THE MAGNETIC ELEMENTS AT MAGNETIC
OBSERVATORIES.

(Compiled by the Department of Terrestrial Magnetism, Carnegie Institution of Washington.)

Place.

Pawlowsk
Sitka
Katharinenburg
Rude Skov
Eskdalemuir
Stonyhurst
Wilhelmshaven
Potsdam
Seddin
Irkutsk
De Bilt

Valencia
Clausthal
Bochum
Kew
Greenwich
Uccle
Hermsdorf
Beuthen
Falmouth
Prague
Cracow
St. Helier (Jersey)
Val Joyeux
Munich
Kremsmiinster
O'Gyalla (Pesth)

Odessa
Pola
Agincourt (Toronto)
Perpignan
Tiflis

Capodimonte
Ebro (Tortosa)
Coimbra
Mount Weather
Baldwin
Cheltenham
Athens
San Fernando
Tokio
Tucson
Zi-ka-wei

Dehra Dun
Helwan
Barrackpore
Hongkong
Honolulu
Toungoo
Alibag
Vieques
Antipolo
Kodaikanal
Batavia-Butenzorg
St. Paul de Loanda
Samoa (Apia)
Tananarive
Mauritius

Rio de Janeiro

Latitude.

S9 4IN
5703N
S703N
SSSiN
SS19N
S3SIN
S332N
52 23N
52 17N
52 i6N
52 06N
51 56N
5148N
51 29N
SI 28N
SI 28N
S048N
5046N
SO 21N
SO 09N
SoosN
So 04N
49 12N
4849N
4809N
4803N
47S3N
4626N
44S2N
4347N
42 42N
41 43N
40 S2N
40 49N
40 12N
3904N
3847N
3844N
37S9N
3628N
3S4IN
32 isN
31 12N
30 19N
29 S2N
22 46N
22 18N
21 19N
i8s6N
1838N
1809N
1436N
10 14N
611S
848S
1348S
i8s5S
20 06S

22558

Longitude.

30 29E
13s 20W
6038E
12 27E
3 12W
2 28W
809E
1304E
1301E

104 16E

S iiE
10 isW
10 20E
714E
o 19W
O 00
42IE
16 I4E
I8SSE
SOSW
142SE
1958E
2 osW
2 oiE
1137E
1408E
18 12E
3046E
13 S'E
79 16W
2 53E
4448E
141SE
o 31E
8 2SW

77 S3W
95 loW
76 soW
23 42E
612W

139 4SE
no soW
121 26E
7803E
31 20E
8822E
114 loE
158 04W
96 27E
72 S2E
6S26W
121 loE

77 28E
106 49E
13 13E

171 46W
4732E
S733E

43 "W

Middle
of

year.

1907
1910

1907
1910
191

1

1912
1910
1912
1912

1905
1910
1911

1905
19H
1911
1911

191

1

1912
1908
1912
1910
ign
1907
1911

1910

1904
1911

1910
1911
1910
1910

190S
19U
1911
1911

1908
1908
1910
1908
191

1

1910
1910

1907
1910
191

2

1910
1910
1910
igio

1912
1910
19H
igio

1909
1910
1908

1907
1911
{igo6
1910

Magnetic Elements.

Declination.

I 09.9E
30 16.4E
10 3S-SE
9 28.7W
18 12.4W
17 03.6W
11 37.0W
8 4S.9W
8 47.2W
1 58.1

E

12 S8.2W
20 38.1W
10 40.3W
11 48.3W
15 SS-3W
15 33.0w
13 13 9W
7 06.9W
612.3W
17 24.2W
8 09.6W
5 18.1W

16 27.4W
14 17.6W
931.SW
9 02.4W
6 2S.6W
3 35-9W
8 17.SW
6 03.9W
12 44.8W
2 41 .5E

13 is'.ew

16 27.4W
3 39.2W
8 33-°E

S 41.4W
4 53-o'W

15 05.2W
4 S8.2W
13 25.8E
2 33.6W
2 31.9E
2 2S.4W
o SS-5E
o 00.4E

9 29.7E
o 24.9E
o SI-2E
2 20.6W
o 40.9E
o SS.oW
o 49.sE
16 12.3W
9 41.9E

9 29.7W
9 i8.sW
8 SS-3W
9 40.0W

Inclination.

70 37.7N

74 32-2N
70 S2.zN
68 4S.oN
69 37.1N
6841.4N
67 30.5N
66 20.4N
66 17.4N
70 2S.0N
66 46.SN
68 12.1N

66 S7.2N
66 S2.1N
66 00. 1

N

66 26.6N

64 IS.SN

6s 34-5N
6441.6N
63 08.4N

62 26.9N
60 03.6N

74 38-5N

56 02.8N
56 11.7N

57 54-8N

58 46.4N

68 47.8N
70 3S.4N
52 11.7N

54 3I-5N

49 07-3N

59 19.6N

45 36-6N

43 S4-8N
40 43-7N
30 42.2N
30 s8.8N
39 47-2N
23 02. iN
23 56. 1

N

49 52.0N
16 18.2N

3 45'2N

31 09.2S

3S 32-28

29 21.7S

54 05.78

53 30.6S

13 S7-2S

Intensity (C.G.S. units).

Hor'l. Ver'l. Total,

.1650

1559
.1762

.1738

.i6gs

.1740

.1812

.1880

.2001

.1854

.1789

.1850

.1852

.1902

.1880

1974
.2064

.2107

.2171

.2219

.1627

•'2545

.2326

.2301

.2171

•1983
.2620

.2489

.3001

.2741

•33°6

3326
.3006

•3733
•37 1

1

.2916

.3880

.3687

.2886

.3820

.3748

.3668

.2012

•3561

•2533
•2331

.2477

.4694

.5637

.5081

.4468

•4534
.4460

•4377
.4291

.4290

•5625

•4321

•4473

•4349

•4337

.4273

•4312

.4176

•4075

.4161

•3853

•5923

.3780

.3709

•3795

.5626

•3361

•3467
.4621

•3377
.3202

.2588

.2217

.2228

.2428

.1650

.1637

•3424
.1117

.0246

.2218

•1437
.2004

•3499
•315'

.0617

•4975
I

•5849
1

•5378
I

•4794
•4837

•4787

•4737
.4685

.4685

597°
.4702

•4817

.4726

•4716

•4677

.4704

.4619

.4568

.4693

.4446

.6142

•4557

.4378

4438

.6003

.5966

.4262

•4585

•5372
•4726

.4617

•3967

.4341

.4328

•3795
.4216

•4034

.4478

•3981

•3757
.4286

•2473
.4086
•43J9

.3920

•2553
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ii8 Table 101

.

PRESSURE OF COLUMNS OF MERCURY AND WATER.

British and metric measures. Correct at o° C. for mercury and at 4° C. for water.



Table 102. I IQ

REDUCTION OF BAROMETRIC HEIGHT TO STANDARD TEMPERATURE.*



I20 Table 103.

CORRECTION OF BAROMETER TO STANDARD GRAVITY.

Altitude term. Correction is to be subtracted.

Height
above sea
level in

meters.



Table 104. 121

REDUCTION OF BAROMETER TO STANDARD GRAVITY.*

ReAnotton to Latttnae 46'^. — Engllsli Scale.

N, B. From latitude o° to 44° the correction is to be subtracted.
From latitude 90° to 46° the correction is to be added.



122 Table 105.

REDUCTION OF BAROMETER TO STANDARD GRAVITY.*

Rednctlon to Latitude 45°.— Metric Scale.

N. B.— From latitude o° to 44° the correction is to be subtracted.

From latitude 90° to 46° the correction is to be added.



Tables 106-107.

TABLE 108.— Ooneottoii ol the Barometer for Oaplllarlty.*

123



124 Table 108.

AERODYNAMICS.

The pressure on a plane surface normal to the wind is for ordinary wind velocities expressed by

/•= kwav^

where ,5 is a constant depending on the units employed, w the mass of unit volume of the air,

a the area of the surface and v the velocity of the wind * Engineers generally use the table of

values of P given by Smeaton in 1759. This table was calculated from the formula

/>= .00492 z/2

and gives the pressure in pounds per square foot when v is expressed in miles per hour. The

corresponding formula when v is expressed in feet per second is

/'= .00228 zi^.

Later determinations do not agree well together, but give on the average somewhat lower

values for the coefficient. The value of w depends, of course, on the temperature and the baro-

metric pressure. Langley's experiments give ^0/= .001 66 at ordinary barometric pressure and

10° C. temperature.

For planes inclined at an angle a less than 90° to the direction of the wind the pressure may

be expressed as /'a=-^o^90-

Table 108, founded on the experiments of Langley, gives the value of Fa. for different values of

a. The word aspect, in the headings, is used by him to define the position of the plane relative to

the direction of motion. The numerical value of the aspect is the ratio of the linear dimension

transverse to the direction of motion to the linear dimension, a vertical plane through which is

parallel to the direction of motion.

TABLE 108.— Values ol F, In Egnatloii Pa=I'aPgo-

Plane 30 in. X 4.8 in.

Aspect 6 (nearly).



Table 109. 125

AERODYNAMICS.

On the basis of the results given in Table 108 Langley states the following condition for the

soaring of an aeroplane 76.2 centimeters long and 12.2 centimeters broad, weighing 500 grams,

— that is, a plane one square foot in area, weighing i.i pounds. It is supposed to soar in a

horizontal direction, with aspect 6.

TABLE 109.— Data loi the Soaitng ol Planes 76.2 X 12.2 cms, velgUng 600 Qiams, Aspect 6.

Inclination
to the hori-

zontal a.



126 Tables 110-112.

TABLE 110. — Friction-

The following table of coefficiente of friction/ and its reciprocal r//, together with the angle of ^^^^ "
""ele of

repose *, is quoted from Rankine's "Applied Mechanics.-' It was compiled by Rankme from the results

General Morin and other authorities, and is sufficient for all ordinary purposes.

Material.



Table 113. 1 27
VISCOSITY.

a
7l^^;p?^fficient of viscosity is the tangential force per unit area of one face of a plate of the

tluid which IS required to keep up unit distortion between the faces. Viscosity is thus measuredm terms of the temporary rigidity which it gives to the fluid. Solids maybe included in this
dennition when only that part of the rigidity which is due to varying distortion is considered.
Une of the most satisfactory methods of measuring the viscosity of fluids is by the observation of
the rate of flow of the fluid through a capillary tube, the length of which is great in comparison
with Its diameter. PoiseuiUe * gave the following formula for calculating the viscosity coefiicient

in this case : n= w/ir*s

8vi''
"^^"^ ^ '® '^^ pressure height, r the radius of the tube, s the density of

rte fluid, » the quantity flowing per unit time, and / the length of the capillary part of the tube.
The liquid IS supposed to flow from an upper to a lower reservoir joined by the tube, hence A
and /are difierent. The product As is the pressure under which the flow talces place. Hagen-
bach T pointed out that this formula is in error if the velocity of flow is sensible, and suggested a
correction which was used in the calculation of his results. The amount to be subtracted from

k, according to Hagenbach, is -7=— , where ^ is the acceleration due to gravity. Gartenmeister |

points out an error in this to which his attention had been called by Finkener, and states that the

quantity to be subtracted from h should be simply — ; and this formula is used in the reduction

of his observations. Gartenmeister's formula is the most accurate, but all of them nearly agree
if the tube be long enough to make the rate of flow very small. None of the formula take into
account irregularities in the distortion of the fluid near the ends of the tube, but this is probably
negligible in all cases here quoted from, ahhough it probably renders the results obtained by the
" viscosimeter " commonly used for testing oils useless for our purpose.
The term " specific viscosity " is sometimes used in the headings of the tables ; it means the

ratio of the viscosity of the fluid under consideration to the viscosity of water at a specified tem-
perature.

The friction of a fluid is proportional to the size of the rubbing surface, to -^, where o is the
ax

velocity of motion in a direction perpendicular to the rubbing surface, and to a constant known
as the viscosity.



128 Tables 114-116.

VISCOSITY.

TABLE 114. — Solution ol AIcoliol In Water*

Coefficients of viscosity, in C. G. S. units, for solution of alcohol in water.



Table 117.

VISCOSITY.
lag

This table gives some miscellaneous data as to the viscosity of liquids, mostly referring to oils and para£5ns. The
viscosities are in C. G. S. units.

Liquid.



I30 Table 118.

VISCOSITY.

This table gives the viscosity of a number of liquids together with their temperature variation.

The headings are temperatures in Centigrade degrees, and the numbers under them the coetn-

cients of viscosity in C. G. S. units.*



Table 119.

VISCOSITY OF SOLUTIONS.

131

This table is intended to show the effect of change of concentration and change of temperature on the visco^ty of
solutions of salts in water. The specific viscosity X loo is given for two or more densities and for several tem-
peratures in the case of each solution, ju. stands for specific viscosity, and t for temperature Centigrade.

Salt.



132 Table 119 (contimud).

VISCOSITY OF SOLUTIONS.

Salt.



Table 110 {continrndy

VISCOSITY OF SOLUTIONS.

133

Salt.

Percentage
by weight
of salt in

, solution.

Density. Authority.

Mn{N08)2

MnSOi

(I

NaCl
it

Ct

NaBr
((

((

Nal
((

U

NaClOa
(1

IC

NaNOs
((

((

NaaSOi

ti

tt

Na2Cr04
((

tt

NH4CI

«(

tt

NHtBr
tt

M

NH4NO3
tt

tt

tt

it

(NH4)2S04

18.31

29.60

4931

II.4S
18.80

22.08

7-9S
i4-3>

23.22

977
18.58

27.27

8.83

17-15

35-69

55-47

11.50

20.59

33-54

7-25

12-35
18.20

31-55

4-98

9.50

14.03

19.32

5.76
10.62

14.81

8.67

15.68

23-37

15-97

36.88

5-97
12.19

27.08

37.22

49-83

8.10

15.94
25.51

1.148

1-323

1.506

1.147

1.251

1.306

1.058

1. 112

1.164

96.0

167-5

396.8

129.4
228.6

661.8

82.4

94.8

128.3

75-6
82.6

95-9

731
73-8
86.0

157.2

78.7

88.9
121.0

75-6
81.2

87.0
121.2

96.2

130.9

187.9

302.2

85.8

i°3-3

127.5

69.1

67-3

67.4

65.2

62.6

62.4

69.6
66.8

67.0

71.7
81.1

107.9
120.2

148.4

15

15

76.4
126.0

301.1

98.6

172.2

474-3

52.0

60.1

79-4

48.7

53-5
61.7

46.0

47-4

96.4

50.0

56.8

75-7

47-9
51.0

55-9
76.2

59-0

77-7

107.4

166.4

66.6

79-3

97.1

45-0

45-3
46.2

47-7

43-2

43-3
44-6

44-3

44-3

47-7
51.2

63-3

S2-3
60.4

74.8

25

25

30

30

30

30

30

30

30

30

30

30

64-S
104.6

221.0

78.3

137-1

347-9

31.S

36-9

47-4

34-4
38-2

43-8

35

35

50

50

32-4 50

33-7
40.6

66.9

35-3
40.4

53-0

33-8

36.1

39-3

53-4

40.9

53-0

106.0

53-4

63-5

77-3

31-9
32.6

34-0

36.1

31-S
32.2

34-3

31.6

31-9

38.8

48.9

37-0

43-2

54-1

5.6

188.8

63.4

107.4

266.8

45

45

Wagner.

Sprung.

SO

50

50

30

50

50

50

50

43-8

52-3

63.0

40 Slotte.

Sprung.

Smithsonian Tables.



134 Table 119 {.continued).

VISCOSITY OF SOLUTIONS.

Salt.



Table 1 20.

SPECIFIC VISCOSITY.*
135

Dissolved salt.



136 Tables 121-122.

Table 121. -VISCOSITY OF GASES AND VAPORS.

The values of n given in the table are 10' times the coefficients of viscosity in C. G. S. units.

Substance.



Table 123. '

COEFFICIENT OF VISCOSITY OF GASES.
Tampeiatnie OoetllGlsiitB.

137

If ^t=the viscosity at f Zt, ;«o= the vicosity at 0°, 0= the coefficient of expansion, j3, 7, and
n ^= coefficients independent of /, ttien

(I) /K=itto(i+o/)''. (Meyer, Obermayer, Puluj, Breitenbach.)

(II) =/io(i+i8^). (Meyer, Obermayer.)

(Ill) =jM<,(i+o/)J(i+7/)2. (Schumann.)

(IV) =Mo-
i+.,

C \ ^273
(Sutherland.)

Gas.



I ^8 Table 1 24.

DIFFUSION OF AN AQUEOUS SOLUTION INTO PURE WATER.

If k is the coefficient of difiusion, dS the amount of the substance which passes i^ the time^,
at the place x, through q sq. cm. of a diffusion cylinder under the mfluence of a drop ot concen

tration deldx, then j,
dS = —ig -r dt.

dx

k depends on the temperature and the concentration, c gives the gram-molecules per liter.

The unit of time is a day.

Substance.



Table 125.



140 Tables 126-127.

DIFFUSION OF GASES, VAPORS, AND METALS.

TABLE 126.-OoelHclents ol DlHnsIon lor Various GasoB and Vapors.*

Gas or Vapor di£Eu5ing*

Air ....
Carbon dioxide

Carbon disulphide

Carbon monoxide

Ether . .

Hydrogen

Nitrogen
Oxygen .

Sulphur dioxide

Water . .

Gas or Vapor diffused into.

Hydrogen . . .

Oxygen . . . .

Air

Carbon monoxide

Hydrogen . . .

Methane . . . .

Nitrous oxide . .

Oxygen . . . .

Air
Carbon dioxide

Ethylene . . . .

Hydrogen . . .

Oxygen . . . .

u

Air
Hydrogen . . .

Air
Carbon dioxide .

" monoxide
Ethane . . . .

Ethylene . . . .

Methane . . . .

Nitrous oxide . .

Oxygen . . . .

Carbon dioxide

Hydrogen . . .

Nitrogen ...
Hydrogen . .

Air

Hydrogen . .

Temp.
°C.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
8
18

18

Coefficient

ol DifiusioD.

0.661

0.1775
0.1423
0.1360
0.1405
O.1314

0.5437
0.1465
0.0983
0.1802

0.0995
O.1314
O.IOI

0.6422
0.1802

0.1872
0.0827

0.3054
0.6340

0.5384
0.6488

0-4593
0.4863
0.6254

°-S347
0.6788

0.1787

0-1357
0.7217
0.1710
0.4828

0.2390

0.2475
0.8710

Authority.

Schulze.
Obermayer.
Loschmidt.
Waitz.
Loschmidt.
Obermayer.

Loschmidt.

Stefan.

Obermayer.
((

Loschmidt.
u

Obermayer.
Stefan.

Obermayer.

Loschmidt.
Obermayer.
Loschmidt.
Guglilemo,

* Compiled for the most part from a similar table in Landolt & Bornstein's Phys, Chem. Tab.

TABLE 127. — Blfluslon of Metals Into Metals.

dv dht where x is the distance in direction of diffusion ; v, the degree of concentration of

^ = ^^^ ' the diffusing metal ; t, the time ; k, the diffusion constant = the quantity of metal

in grams diffusing through a sq. cm. in a day when unit difference of concentra-

tion (gr. per cu. cm.) is maintained between two sides of a layer one cm. thick.

Diffusing Met



Table 128.

SOLUBILITY OF INORGANIC SALTS IN WATER; VARIATION WITH
THE TEMPERATURE.

141

The numbers give the number of grams of the anhydrous salt soluble in 1000 grams of water at
the given temperatures.



142 Tables 1 28 {com:iuJed)-i 30.

SOLUBILITY OF SALTS AND CASES IN WATER.
TABLE 128 {.concluded) — SolnhlUty ol Inorganic Salts In Water ; Variation wltt tie Temperatnre.

The numbers give the number of grams of the anhydrous salt soluble in 1000 grams of water at

the given temperatures.

Salt.

NaOH
NaiPaO,
NajSOa
NazSOi . . (loaq)

• . (7aq)

NaaSjOa
NiCla
NiS04
PbBra
Pb(N08)2 . . . .

RbCl
RbNOa
Rb2S04 . . . .

SrCla
Snl2
Sr(N03)2 . . . .

Th(S04)2 . .(gaq)

(4aq)

TlCl
TINO3
TI2SO4
Yb2(S04)3 . . . .

Zn(N03)a . . . .

ZnS04

Temperature Centigrade.

420
32
141

5°
196

525

272

770
195
364
442

395
7

39
27

442
948

10" 20" 30" 40'

515

39

90
305
610
600

6

444
844

426

483

S49
10

2

62

37

1090
62

287

194

447
700
640

523
911

533
482

539
10

708
14

3
96
49

1 190

99

400

847
680

425
12

607

976
813

600
12

876
20

5

62

1290

13s
495

[482

1026
720

15

694

103s
1 167

667
14

913
30
40
6

209
76

2069
700

50' 60° 70° 80° 90° 100'

1450

174

468

1697
760
502
20

787
1093

1556
631

744
•7

926
51

25
8

304
92

768

1740
220

455

2067
810

548
24

880

"55
2000

674
831
21

940

16

10

462
109
104

255

445

594
28

977
1214
2510
714
896

956

13

695
127

72

890

313°
300

437

632

33
1076
1272

3090
750
924
30

972

16
mo
146

860

429

2542

688

1 174
1331

3750
787
962

34
990

20
2000

165

58

920

330

427

2660

776
48

1270
1389
4520
818
1019

40
ion

4140

47

7"85

TABLE 129. -SolnDUlty ol a



Table 131. 145

CHANCE. OF SOLUBILITY PRODUCED BY UNIFORM PRESSURE.*

Pressure
in



144 Table 1 32.

ABSORPTION OF CASES BY LIQUIDS.*

Temperature
Centigrade.

t



Tables 1 33-1 35.

CAPILLARITY. -SURFACE TENSION OF LIQUIDS.*

145

TABLE 133- —Water and Alcohol In Contact wltli Air.

TABLE 134.— Ulscellaneons Llgnlds In ConUot with All.

TABLE 136.— Solutions ol Salts In
Water, t



146 Tables 136-138.

TENSION OF LIQUIDS.
TABLE 136. — Snilace Tension of LltnUU.*

Liquid.

Water
Mercury ....
Bisulphide of carbon .

Chloroform . . . •

Ethyl alcohol

Olive oil ... •

Turpentine ....
Petroleum ....
Hydrochloric acid

Hyposulphite of soda solution

Specific

gravity.

l!2687

1.4878

0.7906
0.9136
0.8867

•7977
1.10
1.1248

Surface tension in dynes per cen-

timeter of liquid in contact with—

Air.

75.0

513-0

3°-l
(31-8

(24.1)

34-6
28.8

29.7

(72-9)

69.9

Water. Mercury.

0.0

392.0

41.7
26.8

18.6

II-S

(28.9)

(392)

(387)

(415)

364
317
241

271

(392)

429

TABLE 137.— Snilaoo Tension ol Ugnlds at SolUlfTlng Polntt

Substance.



Table 139.

VAPOR PRESSURES.

147

The vapor pressures here tabulated have been taken, with one exception, from RegnauU's results.

The vapor pressure of Pictefs fluid is given on his own authority. The pressures are iu centimeters of

mercury.

Tem-
pera-
lure

Cent.



148 Table \ZQ (continued).

VAPOR PRESSURES.

Tem-



Tables 140-141.

VAPOR PRESSURE.

149

TABLE 140. —Vapoi Pressnie of Etbyl AlcohoL*

u
a

H

10
20

30

40

70



I50 Table 142.

VAPOR PRESSURE.*

Carbon SlsnlpUde, Chloiotenzene, Bromobenzene, and Aniline.

Temp.



Table 142 {continued).

VAPOR PRESSURE.

Uetb7l Salicylate, BiomonaplitliaUne, ana Mercnrr-

151

Temp.
C.



152
Table 143.

VAPOR PRESSURE OF SOLUTIONS OF SALTS IN WATER.

The first co,un,„ gives .ha chemical formula of *« salt. J^-e
hea^ngs o^^^^^^^^^^^^

gram-moleculas of the salt in a h.er o wa.er^ The numb|rsm these »lu
^^^f^^^ ^„„^,,ri, p„,3ure.

pressure pruuuucu uy *n& an

Substance.



Table 1 43 {continued).

VAPOR PRESSURE OF SOLUTIONS OF SALTS IN WATER.

153

Substance.



154 Tables 144-146.

PRESSURE OF SATURATED AQUEOUS VAPOR.
TABLE 144. — At Low Tenpeiature. Over Ice.

Temperatures Centigrade.

f"

'



Tables 146-147 {continued).

PRESSURE OF SATURATED AQUEOUS VAPOR.
TABLE 146 {continued). —0° to 50° G. Hydrogen Soalo.

155



156 Tables 148-149.

TABIC 148- — Weight In Oralns of tbe Atueons Vapor oontalned In a OnMc Foot of Saturated Air.*

Temp-



Table 1 50.

PRESSURE OF AQUEOUS VAPOR IN THE ATMOSPHERE.
157

This table gives the vapor pressure corresponding to various values of the difEereiice i— t, between the readings of
dry and wet bulb thermometers and the temperature ii of the wet bulb thermometer. The differences i— t, are
given by two-degree steps in the top line, and ii by degrees in the first column. Temperatures in Centigrade
degrees and Kegnault's vapor pressures in millimeters of mercury are used throughout the table. The table was
calculated for barometric pressure B equal to 76 centimeters, and a correction is given for each centimeter at the
top of the columns.* Ventilating velocity of wet thermometer about 3 meters per second.



158 Table 151.

DEW-
The first column of this table gives the temperatures of the wet-bulb thermometer, and the top line the difference

the table. The dew-points were computed for a barometric pressure of 76 centimeters. When the barometer differs

and the resulting number added to or subtracted from the tabular numoer according as the barometer is below or

'1



Table 1 51 (continued).

POINTS. 159

between the dry and the wet bulb, when the dew-point has the values jfrom 76 centuneters the corresponding numbers in the lines marked «Y/o^ arabove 76. See examples. Thermometer ventilated at about 3 meters pertec

'^j^^^^'^^^^^^^^'^^^^s;^^ ^riSd^^a?: "'t^Zhl^ers;;^i:^'SSce:

«1



i6o Table 152.

RELATIVE HUMIDITY.

This table gives the humidity of the air, for temperature i and dew-point d in Centigrade degrees, expressed
in percentages of the saturation value for the temperature i.

Depression of
the dew-point.



Table 153.

VALUES OF 0.378c.»

i6i

This table gives the humidity term 0.378*, which occurs in the equation s= So
—= So

^~°-378^

for the calculation o£ the density of air containing aqueous vapor at pressurf°; So is the dtnsity
of dry air at normal temperature and barometric pressure, B the observed barometric pressure,

and ,4= 5— 0.378*. the pressure corrected for humidity. For values of -|- see Table 154.

Temperatures are in degrees Centigrade, and pressures in millimeters of mercu°ry.

Dew
Point.
°C.



1 62 Tables 154-155.

RELATIVE DENSITY OF MOIST AIR FOR DIFFERENT PRESSURES
AND HUMIDITIES.

TABLE 1B4. — Values ol ^' from ft = 1 to ft— 9, lor the Computation ol DiUerent Values ol tie Ratio
760

ol Actual to Hoimal Barometric Pressure.

This gives the density of moist air at pressure h in terms of the density of the same air at normal atmosphere pressure.

When air contains moisture, as is usually the case with the atmosphere, we have the following equation for pressure

term : h =.B— 0.378*, where e is the vapor pressure, and B the corrected barometric pressure. When the neces-

sary psychrometric observations are made the value of e may be taken from Table 150, and then 0.378* from Table

153, or the dew-point may be found and the value of 0.378* taken from Table 153.

h



Table 1 55 (conUmud).

DENSITY OF AIR.

163

Values oi logailtluns of -A for values of ft tetween 360 and 800.
700

ft



164 Table 156.

VOLUME OF CASES.

Valnea 0! 1 + .00367 t.

The quantity i + .00367 t gives for a gas the volume at /° when the pressure is kept

constant, or the pressure at i9 when the volume is kept consunt, in terms of the

volume or the pressure at 0°.

(a) This part of the table gives the values of i+ .00367 ^ for values of i between 0°

and 10^ C. by tenths of a degree.

(b) This part gives the values of i+ .00367 1 for values of t between— go° and + 1990°

C. by 10° steps.

These two parts serve to give any intermediate value to one tenth of a degree by a sim-

ple computation as follows :— In the {b) table find the number corresponding to

the nearest lower temperature, and to this number add the decimal part of the

number in the (a) table which corresponds to the difference between the nearest

temperature in the {b) table and the actual temperature. For example, let the

temperature be 682°.2

:

We have for 680 in table (3) the number .... 3.49560

And for 2.2 in table {a) the decimal .00807

Hence the number for 682.2 is 3-50367

(0) This part gives the logarithms of i -|- .00367 ^ for values of t between — 49° and

+ 399° C by degrees,

(d) This part gives the logarithms of i+ .00367 1 for values of / between 400° and 1990°

C. by 10° steps.

(a) Values 0! 1+ -00367 f for Values of t between 0° and 10° C. by Tenths

of a Degree.

t



Table 1 56 (cmtinued).

VOLUME OF GASES.
165

(1)) Values ol l-f .00367 1 loi Values ol t between — 90° and 4- 1990° 0. liy

10° Steps.

t



i66 Table 1 56 {continued').

VOLUME OF

(c) Logarltluns of 1 + .00367 ( Iot Values

Mean diif.

per degree.

— 40— 3°
20

—10
— o

+
10

20

30
40

50
6o

70
8o
90

100
no
120

130
140

150
160

170
180

190

200
210
220

230
240

250
260

270
280

290

300
310
320

330
340

350
360

380

390

I 931051
•949341
.966892

.983762
0.000000

0.000000

.015653

.030762

.045362

.059488

0.073:68
.086431

.099301

.111800

.123950

0.135768
.147274
.158483
.109410
.180068

0.190472
.200632

.210559

.220265

.229759

0.239049
.248145

•257054
.265784

•274343

0.282735
.290969

.299049

.306982

•314773

0.322426

329947
•337339
.344608

•351758

0.358791

•365713
•372525

379233
•385439

I.9291 79
.947546
.965169
.982104

•998403

0.001591
.017188

.032244

.046796

.060875

0.074513

08773s
.100567

.113030

.125146

0-136933
.248408

.159588

.170488

.181120

0.191498
.201635

.211540

.221224

.230697

0.239967
.249044

•257935
.266648

.275189

0.283566
.291784

.299849

.307768

•315544

0.323184
.330692
.338072

345329
.352466

0.359488

366399
373201
379898
.386494

1.927299

945744
963438
.980440
.996801

0.003176
.01S717

.033721

.048224

.062259

0.075853
.089036
.101829
•I 14257
'26339

0.138094

149539
.160691

171563

0.192523
.202635
.212518
.222180

231633

0.240884

.249942

.258814

.267510

.276034

0.284395

292597
.300648

.308552

316314

0-323941

•331435
338803
.346048

353174

0.360184

.367084

373875
.380562

.387148

1.925410

943934
.961701

978769
.995192

0.004755
.020241

035193
.049648

063637

0.077190
.090332
.103088

.115481

.127529

0.139252
.150667
.161790

.172635

.183216

0.193545
.203634

.213494
223135
.232567

0.241798
.250837
.259692
.268370

.276877

0.285222

.293409

.301445

309334
•317083

0.324696
332178
339533
.346766

.353880

0.360879
.367768

.374549

.381225

.387801

i-923S'3
.942117

959957
.977092

993577

0.006329
.021760
.036661

.051068

.065012

0.078522
.091624

.104344

.116701

.128716

0.140408

151793
.162887

173705
.184260

0.194564
.204630
.214468
.224087

233499

0.242710

251731
.260567
.269228

277719

0.286048

.294219

.302240

.310115

.317850

0^325450
•332919
.340262

.347482

-354585

0.361573
.368451

•375221

.381887

•388453

1884
1805

1733
1667
1605

1582
1526

1474
1426
1381

133s
1299
1259
1226
iigi

1158
1129
IIOI

1074
1048

1023
1000

976
956
935

gi6

897
878
861

844

828

798
784
769

756
743
730
719
707

6g6
684
674
664

654

Smithsonian Tables.



TABLE 156 (coniimui).

GASES.

ol t Tietween —49° ana +399° 0. by Degrees.

167

t



1 68 Table 156 (continued).

VOLUME OF GASES.

(d) LogarlOims of 1+ .00367 1 loi Valnes ol t between 400° and 1990° 0. b7 10° Steps.

00 10 20 30 40

400

500
6oo
700
800
900

1000
IIOO
1200

1300
1400

1500
1600
1700
1800

1900

0-392345

0452553
.505421

•552547

•595055
•633771

0.669317
.702172

•732715
.761251

.788027

0.813247
.837083

.859679

.881156

.901622

0.398756

0.458139
•510371

.556990

.599086

.637460

0.672717

•705325

•73565s
.764004
.790616

0.81 5691

•839396
.861875

.883247

.903616

0.405073

0.463654
.515264
.561388

.603079

.641117

0.676090

.708455

•738575
.766740

.793190

0.818120

.841697

.864060

•885327
.905602

0.411300

0.469100
.520103

•565742
.607037

.644744

0.679437
•7"563
•74147s
769459
.795748

0.820536
.843986
.866234

.887398

.907578

0.417439

0.474479
.524889
.570052
.610958

.648341

0.682759
.714648

•744356
.772160

.798292

0.822939
.846263

.868398

•909545

400

500
600
700
800
900

1000
IIOO
1200

1300
1400

1500
1600

1700
1800

1900

60

0.423492

0.479791
529623
574321

,61484s
651908

.686055

717712
747218

774845
,800820

,825329
,848528

870550
,891510

,911504

60 70 80

0.429462

0.485040

•53430s
578548
,618696

655446

689327
720755
750061

777514
803334

827705
850781
,872692

•893551

913454

o^43S35i

0.490225

•538938
.582734
.622515

.658955

692574
723776
,752886
780166
805834

,830069

?53023
,874824

,895583

91539s

0.441 161

0.495350
•543522
586880
626299
662437

695797
,726776

5692
2802

808319

,832420

855253
876945
897605
917327

00

0.446894

0.500415

.548058

.590987

.630051

.665890

0.698996
.729756
.758480
.785422
.810790

0.834758
•857471
.879056
.899618

.919251

Smithsonian Tables.



Table 157. jQg

DETERMINATION OF HEIGHTS BY THE BAROMETER.

Fonnula of Babinet : Z = C So — S
£„ + £

C (in feet) = 52494 [. -|. 4 + < - 64
"[ English measures.

C (in metere)= .6000 fi + iSk+J)! metric measures.
*- 1000 J

^ In which Z = difference of height of two stations in feet or meters.
.So, .S_ barometric readings at the lower and upper stations respectively, corrected for aU

sources of instrumental error.

<o, < = air temperatures at the lower and upper stations respectively.

Talnes of C.

English Measures.



170 Table 158.

BAROMETRIC

Barometric pressures corresponding to different

This table is useful when a boiling-point apparatus is used

(8) Oommon Measuie.*

Temp.°F.

185
186

187
188

189
190

191
192

193
194

195
196

197
198

199
200

201
202

203
204

205
206

207
208

209
210

211
212

17.06

17.42

17.81

18.20

18.60

19.00

19.41

19-83

20.26

20.68

21.13

21.58

22.03

22.50

22.97

234s

23-94
24.44

24.95

25.46

25.99
26.52

27.06

27.62

28.18

28.75

29-33

29.92

17.09

17-47

17.85

18.24

18.64

19.04

19.45

19.87

20.30

20.73

21.17

21.62

22.08

22.55

23.02

23-50

23-99

24.49

25.00

25-52

26.04

26.58

27.12

27.67

28.24

28.81

29-39
29.98

.2

17-13

17.51

17.89
18.28

18.68

19.08

19.49

19.91

20.34

20.78

21.22

21.67

22.13

22.59

23.07

23-55

24.04

24.54

25.05

25-57

26.09

26.63

27.17

27-73

28.29

28.87

29-45

30.04

17.17

17-54

17-93
18.32

18.72

19.12

19.54

19.96

20.38

20.82

21.26

21.71

22.17

22.64

23.12

23.60

24.09

24.59

25.10

25.62

26.15

26.68

27.23

27.78

28.35

28.92

29.51

30.10

17.20

17.58

17.97
18.36

18.76

19.16

19.58
20.00

20.43
20.86

21.31

21.76

22.22

22.69

23.16

23-65

24.14

24.64

25-15

25.67

26.20

26.74

27.28

27.84

28.41

28.98

29-57
30.16

17.24
17.62

18.01

18.40

18.80

19.21

19.62

20.04

20.47

20.91

21.35
21.80

22.27

22.73

23.21

23.70

24.19

24.69

25.20

25-72

26.25

26.79

27'34
27.90

28.46

29.04

29.63
30.22

17.28

17.66

18.05

18.44

18.84

19.25

19.66

20.08

20.51

20.95

21.40

21.85

22.31

22.78

23.26

23-75

24.24

24.74

25.26

25.78

26.31

26.85

27-39

2795

28.52

29.10

29.68

30-28

,7

17-32

17.70

18.08

18.48

18.88

19.29

19.70

20.13

20.56

20.99

21.44

21.90

22.36

22.83

23-31

23-79

24-29

24.79

25-31

25.83

26.36

26.90

27-45
28.01

28.58

29.16

29.74

30-34

17-35

17-74

18.12

18.52

18.92

19-33

19-75
20.17

20.60

21.04

21.48

21.94

22.41

22.88

23.36

23.84

24.34
24-85

Hi
26.41

26.96

27.51

28.07

28.63

29.21

29.80

30.40

17-39

17-77

18.16

18.56

18.96

19-37

'9-79
20.21

20.64

21.08

21-53

21.99

22.45
22.92

23.40
23.89

24-39
24.90

2541
25.94

26.47

27.01

27.56
28.12

28.69

29.27

29.86

3046

* Pressures in inches of mercury

.

The values at the lower temperatures are perhaps i% too low. Table (b) is based on more recent data (1913).

Smithsonian Tables.



PRESSURES.
Table 1 58 {cmtimuii.

171

temperatures of the boiling-point of water.
in place of the barometer for the determination of heights.



172 TABLES 159-162.

STANDARD WAVE-LENGTHS.

TABLE 169. —Absolute WavB-lsngtli ol Rod Cadmium Line in Air, 760 mm. Preasnie, 15° 0.

6438.4722 Michelson, Travaux et Mem. du Bur. intern, des Poids et Mesures, 11, 1895.

6438.4700 Michelson, corrected by Benoit, Fabry, Perot, C. R. 144. 1082, 1907-

6438.4696 {accepted primary standard) Benoit, Fabry, Perot, C. R. 144, 1082, 1907.

TABLE 160.— International Secondarr Standards. Iron Arc Lines.

Adopted as secondary standards at the International Union for Cooperation in Solar Research

(transactions, 1910). Means of measures of Fabry-Buisson (i), Pfund (2), and Eversheim (3). Re-

ferred to primary standard = Cd. line, \ = 6438.4696 Angstroms (serving to define an Angstrom).

76o ram., 15° C. Iron rods, 7 mm. diam. length of arc, 6 mm.; 6 amp. for \ greater than 4000

Angstroms, 4 amp. for lesser wavelengths ; continuous current, + pole above the —, 220 volts

;

source of light, 2 mm. at arc's center. Lines adopted in 1910.

Wave-length.



Table 163.

STANDARD SOLAR WAVE-LENGTHS. ROWLAND'S VALUES.
^7Z

Wave-lengths are in Angstrom units (lo"' mm.), in air at 20° C and 76 cm. of mercury pressure

J^n orri'.r nff-T *T '• '"''
""^t^'ly

^'=''^^«°" *« -"^P't" loooforSiie H andSF be"w
only°he lines ab"oves'

°°°° "' *' ^'"'' ^'^ '^°'' ""'^ """^^ 'l'«^<^"" '° ^^«- This table coS
in<,^lii!l'^.'''H

'^'
H ''?^ "°V'^au'y<.^'1"'^'^' P'-°bably an undissolved multiple line ; s, a faded appear-

Hn^e i, cL,;onnH .if
• ^"^ *•' 1*^^''^^"^ " '^°''"""' ^''"^ t™° °^ "'°^« elements are give^n^ the

erement°Th.„ fh' ^ "'r''
'"

T^'''^
^'^ "? ^iven indicates the portion of the line due to kch

%Tf^''^ ''^ '1'" ''"^ " '°° '""""S to be due wholly to the element given, it is represented,

cide wfth thr.?^i J" fr™^^
separate the elements instead of a dash, the metallic lines coin!cide with the same part of the solar Ime, Fe, Cr, for example

Capital letters next the wave-length numbers are the ordinary designations of the lines. A indi-
cates atmospheric lines, (wv), due to water vapor, (O), due to Oxygen



I '4
* Table 1 63 (eontinueij.

STANDARD SOLAR WAVE-LENGTHS. ROWLAND'S VALUES.

Wave-length.



Table 1 63 (.cmtinued).

STANDARD SOLAR WAVE-LENGTHS. ROWLAND'S VALUES.
175

Wave-length.



176 TABLE 164.

TERTIARY STANDARD WAVE-LENGTHS. IRON ARC LINES.

For arc conditions see Table 160, p. 172. For lines of group c class 5 for best results the

slit should be at right angles to the arc at its middle point and the current should be reversea

several times during the exposure.

Wave-lengths.



Table 1 65.

WAVE-LENGTHS OF FRAUNHOFER LINES.

177

For convenience of reference the values of the wave-lengths corresponding to the Fraunhofer
lines usually designated by the letters in the column headed "index letters," are here tabulated
separately. The values are in ten millionths of a millimeter, on the supposition that the D line

value is 5896.155. The table is for the most part taken from Rowland's table of standard wave-
lengths.

Index Letter.

a

B

CorH„

a

Di

D2

Da

El

E2

bi

bj

b4

ForHp

d

G' or H^

f

Line due to -

(O

o

H

O

Na

Na

He

f Fe

^Ca

Fe

Mg

Mg

f Fe

^Fe

H

Fe

H

Fe

Wave-length in

centimeters X lo'.

7621.28*

7594.06*

7164.725

6870.182 t

6563.045

6278.303 t

5896.15s

5890.186

5875-985

5270.558

5270.438

5269.723

5183-791

5172.856

5169.220

5169.069

5167.678

5167.497

4861.527

4383-721

4340.634

4325-939

Index Letter.

g

h or Hj

H

K

L

M

N

O

P

Q

R

1S2)
s

T

t

U

Line due to

—

Fe

Ca

Ca

H

Ca

Ca

Fe

Fe

Fe

Fe

Fe

Fe

Ca

Ca

Fe

Fe

Fe

Fe

Fe

Fe

Fe

Wave-length in

centimeters X ioB.

4308.081

4307.907

4226.904

4102.000

3968.625

3933-825

3820.586

3727.778

3581-349

3441.ISS

3361-327

3286.898

3181.387

3179-453

3100.787

3100.430

3100.046

3°47-72S

3020.76

2994-53

2947-99-

. The two lines here given for A.are stated by Rowland to be :, the first,

side edge ; " the second, a " single line begmnmg at the tail of A.

t The principal line in the head of B.

See Tlil^^! Row"a?d's''§olar Wave-Iengths (foot of page) for correction

of wave-lengths, Table i6o.

Smithsonian Tables.

a line " beginning at the head of A, out-

to reduce these values to standard system



lyS Tables 166-168.

TABLE 166.— FhotometTlc Standaids.

No primary photometric standard has been generally adopted by the various governments. In

Germany the Hetner lamp is most used ; in England the Pentane lamp and sperm candles are

used ; in France the Carcel lamp is preferred; in America the Pentane and Hefner lamps are used

to some extent, but candles are more largely employed in gas photometry. For the photometry

of electric lamps, and generally in accurate photometric work, electric lamps, standardized at a

national standardizing institution, are commonly employed.

The " International candle " is the name recently employed to designate the value of the candle

as maintained by cooperative effort between the national laboratories of England, France, and

America; and the value of various photometric units in terms of this international candle is given

in the following table (talcen from Circular No. 15 of the Bureau of Standards).

I International Candle= i Pentane Candle.

I International Candle= i Bougie Decimale.

I International Candle= I American Candle.

: International Candle= 1.11 Hefner Unit.

1 International Candle= 0.104 Carcel Unit.

Therefore i Hefner Unit= 0.90 International Candle.

The values of the flame standards most commonly used are as follows

:

1. Standard Pentane Lamp, burning pentane lo.o candles.

2. Standard Hefner Lamp, burning amyl acetate 0.9 candles.

3. Standard Carcel Lamp, burning colza oil 9-6 candles.

4. Standard English Sperm Candle, approximately .... I.o candles.

Slight differences in candle power are found in different lamps, even when made as accurately

as possible to the same specifications. Hence these so-called primary standards should be them-

selves standardized.



Table 169.

EFFICIENCY OF VARIOUS ELECTRIC LIGHTS.
179

Regenerative d.-c, series arc
Regenerative d.-c, multiple arc
Magnetite d.-c, series arc
Flame arc, d.-c, inclined electrodes
Mercury arc, d.-c, multiple
Flame arc, d.-c, inclined electrodes
Flame arc, d.-c, vertical electrodes
Luminous arc, d.-c, multiple
Open arc, d.-c, series

Magnetite arc, d.-c, series
Flame arc, a.-c, vertical electrodes
Flame arc, a.-c, inclined electrodes
Open arc, d.-c, series

Tungsten series

Flame arc, a.-c, inclined electrodes
Inclosed arc, d.-c, series

Luminous arc, d.-c, multiple
Tungsten, multiple
Nernst, a.-c, 3-glower
Nernst, d.-c, 3-glower
Inclosed arc, a.-c, series

Inclosed arc, a.-c, series

Tantalum, d.-c., multiple
Tantalum, a.-c., multiple
Carbon, 3.1 w. p. c, multiple
Carbon, 3.5 w. p. c, series

Carbon, 3.5 w. p. c, multiple
Inclosed arc, d.-c, multiple
Inclosed arc, d.-c, multiple
Inclosed arc, a.-c, multiple

Inclosed arc, a.-c, multiple

Amperes,

5-5

1 0.0

8.0

8.0

6.6

9.6

4.0
1 0.0

1 0.0

6.6

6.6

8.0

6.6

4.0

1.87

7-5
6.6

6.6

5.0

6.0

4.0

Terminal
Watts.

605
528

55°

38s
440
440
726
480
320
467
467
325

75
374
475
440
60
414
414
480
425
40

49.6
210

56

550
385
430
285

Lumens.

1 1,670
1 1,670

7.370
8,640

4,400
6,140

6,140

7.370

S.025
2,870

5.340

5.340
2,920
626

3.910

3.31 s
2,870

^p
2,160

2,160

2,410
2,020

199
199
166
626
166

1.535
1,030

1,124

688

Kw-hours
for 100,000
Lumen-
hours.

3-3„
S-i8

7.16

6-37

15.92

7.16

7.16

9.85

9-55
ii.iS

8.75

8.75

n.iS
12.0

9-55
14.32

15-32
12.6

19.2

19.2

19.9

21.3

21.

1

21.

1

29.9

33-6

33-7

35-8

37-4

383
41.4

Total cost

per ioo,oou
Limien-hours

at 10 cts. .

per Kw-hour.

0-339
0.527
0.729

0.837
0.89

0.966

0.966

0.988

1.079

'•13

1.275

1.275

1-305

1.384

1.405

1-459

1-547

HI
1.90

2.05

2.193

2.31

2.504

3-24

3-47

3-50
3.66

3-84

3-94
4.265

Paper by Prof. J. M. Bryant and Mr. H. G. Hake, Engineering Experiment Station, University of Illinois.

Smithsonian Tables.



l8o Tables 170-172.

SENSITIVENESS OF THE EYE TO RADIATION.
(Compiled from Nutting, Bulletin of the Bureau of Standards.)

Radiation is easily visible to most eyes from 0.330/1 in the violet to 0.770/1 in the red. At low
intensities approaching threshold values (rod vision) the maximum of spectral sensibility lies

in the green at about 0.510^ for 90% of all persons. At higher intensities with the establish-

ment of cone vision the maximum shifts towards the yellow at least as far as 0.560/1.

TABLE 170. —Variation oi tlie Sensitiveness of tlie Eye vrltli the Wave-length at Low Intensities (neoi

ThieshoIA Valnes). Eonlg.

A



i8i
Tables 1 73-1 76.-SOLAR ENERGY.

TABLE 173. — Tha Solar Ooastant.

Solar constant (amount of energy falling at normal incidence on one square centimeter Dermmute on body at earth's mean distance)= 1.932 calories= mean 696 determinations W2_?i/
.^^pSl'yfi^el^Tfday"^ "^"^'^ ^'"'^" "^^ -"^' °^ ' P- -"'' ^'^ occurringVr^egula^f;

Computed effective temperature of the sun: from form of black-body curves, 6000° to 7000°Absolute
;
from Amax.= 2930 and max.= 0.470/i, 6230° ; from total radiation, J= 76.8x10-1!' X T*,

TABLE 174. -Solar spectrum energy (arMtrary units) and Its transmission by the earth's atmosphere.
Values computed from em= eoa-", where e^ is the intensity of solar energy after transmission

through a mass of air m; m is unity when the sun is in the zenith, and approximatelv= seczemth distance for other positions (see table 180); e„= the energy which would have been obi
served had there been no absorbing atmosphere; a is the fractional amount observed when the
sun is in the zenith.



1 82 Tables 177-180.

ATMOSPHERIC TRANSPARENCY AND SOLAR RADIATION.

TABLI! 177.—Tumsmlsslon ol Radiation Thiongli Molat and Diy Air.

This table gives the wave-length, \; a the transmission of radiation by dry air above Mount
Wilson (altitude= 1730 m. barometer, 620 mm.) for a body in the zenith ; finally a correction fac-

tor, a^, due to such a quantity of aqueous vapor in the air that if condensed it would form a layer

I cm. thick. Except in the bands of selective absorption due to the air, a agrees very closely with

what would be expected from purely molecular scattering, aw is very much smaller than would be

correspondingly expected, due possibly to the formation of ions by the ultra-violet light from the

sun. The transmission varies from day to day. However, values for clear days computed as fol-

lows agree within a per cent or two of those observed when the altitude of the place is such that

the effect due to dust may be neglected, e. g. for altitudes greater than icoo meters. If 8=
B

the barometric pressure in mm., w, the amount of precipitable water in cm., then a^= a^^ a^. w is

best determined spectroscopically (Astrophysical Journal, 35, p. 149, 1912, 37, p. 359, 1913) other-
h

wise by formula derived from Hann, w= 2.3ewio '^**, Cw being the vapor pressure in cm. at the

station, h, the altitude in meters.

a(m)



Tables 181-182.

RELATIVE INTENSITY OF SOLAR RADIATION.
183

TABLE 181.-Mean Intensity J lor 24 hours ol solar radiation on a horizontal snrlaoe at the top ol the
atmosphere and the solar radiation J., in terms of the solar radiation, Aa,

at earth's mean dlstanoe Irom the sun.



Tables 183-185. INDEX OF REFRACTION FOR GLASS.

- aiasses Blada by Schott and Gen, Jena.

184
TABLE 183. -

The following constants are for glasses made by Schott and Gen, Jena : ka, «c, kb. »f, «a. are

the indices of refraction in air for A=o.7682;u, C=o.6563;i», D=o.s893, F=o.486i, tx'=o.434i.

z/=(«n— i)/(«F— «c). Ultra-violet indices: Simon, Wied. Ann. 53, 1894. Infra-red: Xubens,

Wied Ann 45, 1892. Table is revised from Landolt, Bornstein and Meyerhoffer, Kayser, iiana-

buch der Spectroscopie, and Schott and Gen's list No. 751, 1909. See also Hovestadts ' Jena

Glass."

Catalogue Type =



Tables 186-188. INDEX OF REFRACTION.
TABLE 188.'— Index ol Relractlon ol Hook Salt In Air.

185

Mm).

0.185409
.204470
.291368
.358702

.441587

.486149

.58902

.58932
,656304

((

.706548

.766529

.76824

.78576

.88396

.89348

.76964

.61325

57932
•55962

•55338
•553406

•553399
544340
544313
.540672
.540702

538633
.536712
53666
•536138
.534011

Obser-
ver.

M

L
P
L
P
P
L
P
P
M
P
P

>^M.

0.88396
.972298
.98220

1.036758
1.1786

(1

I.55SI37
1.7680

<(

2.073516
2.35728

2.9466

3^5359
4.1252

t(

5.0092

1. 53401

1

'532532
'532435
1.531762

'530372
'530374
1.52821

1

1.527440
1.527441

'526554
1.525863

1.525849

'524534
'523173
1.521648
I.52 1625
1.518978

Obser-
ver.

P
L
P
L

P
L

P
L
P
((

P
L
P

Mf).

5.8932
(t

6.4825

7.0718

7.661

1

7.9558
8.8398
10.0184

11.7864
1 2.9650

14.1436

'4.7330
'5-3223

1 5.91 16

20.57

22.3

1.516014

'5'5553
1.513628
1.5 1 3467
I. 51 1062

1.508318

1.506804

1.502035

1.494722
1.481816

1.471720

1.460547

1.454404

1.447494
1.44 1 032
'3735
1.340

Obser
ver.

RN

=«2+ Ml
i+-

Mi Ml
x2_X?^;i^=1^2-'^^^-'^^* °^=1^+t£^.+

Mi

^2^=0.02547414 b^=sMoiT,y
.4=0.0009285837 j1/3= 12059.95
A ^0.000000286086 As''=36oo. (P)

where 32=2.330165
^1/1=0.01278685
Ai2=o.oi485oo
^1/2=0.005343924

TABLE 187.— Change ol Index ol Relractlon lor 1° C In Units ol tlie Bib Decimal Place.

0.202/J



1 86 Tables 189-192.

INDEX OF REFRACTION.
TABLE 189.— Index of Rebactlon of Flnorlte In Air.



Tables 193-194.
INDEX OF REFRACTION.

TABLE 183.— Inlez ol RefraoUon ol Quartz (SIO^).

187

Wave-
length.



i88 Table 195.

INDEX OF REFRACTION.

Varions Monorefringent or Optically laotroplo SolllB.

Substance.
Line of

Spectrum.
Index of

Refraction.
Authority.

Agate (light color)

Albite glass

Ammonium chloride .

Anorthite glass .

Arsenite . . . .

Barium nitrate .

Bell metal

Blende . . . .

Boric acid

Borax (vitrified)

Camphor . . . .

Diamond (colorless) .

Diamond (brown)

Ebonite . . . .

Fuchsin . . . .

Garnet (different varieties)

Gum arable
(( ((

Lime CaO . . . ,

Magnesium oxide

Obsidian . . . .

Opal

Pitch
Potassium bromide .

" chlorstannate .

" iodide
Phosphorus
Resins : Aloes .

Canada balsam
Colophony .

Copal .

Mastic .

Peru balsam

Selenium, vitreous

( bromide
Silver < chloride .

( iodide

Sodium chlorate

Spinel ....
Strontium nitrate

D
red
D

red

I.S374
1.4890
1.6422

1.5755
••755
1-5716
1.0052

2.34165
2.36923
2.40069

1.46245

1.46303
1.47024
1.51222

1.51484
1.52068

1-532

1.5462

2.414
2.428

2.46062

2.46986

2.47902
1.6

De Senarmont.
Larsen, 1909.
Grailich.

Larsen, 1909.
DesCloiseaux.
Fock.
Beer.

Ramsay.

Bedson and
Carleton Williams.

Kohlrausch.
Mulheims.

DesCloiseaux.

Schrauf.

Ayrton & Perry.

Means.

Various.

Jamin.
Wollaston.
Wright, 1909.
Wright, 1909.

Various.

u

Wollaston.

Topsoe and
Christiansen.

Gladstone & Dale.
Jamin.
Wollaston.
Jamin.

Wollaston.
Baden Powell.

Wood.

Wernicke.

Dussaud.
DesCloiseaux.
Fock.

Smithsonian Tables.





I go Table 197.

BIAXIAL CRYSTALS.



Table 1 98.

INDEX OF REFRACTION.

IniUoes oi HefraoUon reUUve to Air for SoluUons ol Salts ana Acids.

191



192 Table 199.

INDEX OF REFRACTION.

Indices of Refraction of Liquids relatlre to All.



Table 200.

INDEX OF REFRACTION.
Inillces ol Refraotlon ol Qasea and Vapors.

193

A formula was given by Biot and Arago expressing .he dependence of the index of refraction of a gas on pressure and
temperature. More recent experiments confirm their conclusions. The formula is «,- i = ^^.A, where
«, is the index of refraction for temperature /, «„ for temperature zero, . the coeiBcient of expatsio'n'of the gas
with temperature, and/ the pressure of the gas in millimeters of mercury.

(a) Indices of refraction.



194 Tables 201-203.

MEDIA FOR DETERMINATIONS OF REFRACTIVE INDICES WITH
THE MICROSCOPE.

TABLE 201.— Llvnlds, nj, (0.589/x) = 1.74 to 1.87.

In 100 parts of methylene iodide at 20° C. the number of parts of the various substances in-

dicated in the following table can be dissolved, forming saturated solutions having the permanent
refractive indices specified. When ready for use the liquids can be mixed by means of a dropper

to give intermediate refractions. Commercial iodoform (CHI3) powder is not suitable, but crys-

tals from a solution of the powder in ether may be used, or the crystalized product may be

bought. A fragment of tin in the liquids containing the Snl4 will prevent discoloration.

CHI3.



Tables 204-205.

OPTICAL CONSTANTS OF METALS.
195

TABLE 204.

Two constants are required to characterize a metal optically, the refractive index, n, and the
absorption index, k, the latter of which has the following significance : the amplitude of a wave
after travelling one wave-length, xi measured in the metal, is reduced in the ratioi i :e-2fk or for

any distance d, i : e - -;^. for the same wave-length measured in air this ratio becomes i : e —^^"^
nk is sometimes called the extinction coefficient. Plane polarized light reflected from a polished
metal surface is in general elliptically polarized because of the relative change in phase between
the two rectangular components vibrating in and perpendicular to the plane of incidence. For a
certain angle, ^ (principal incidence) the change is 90° and if the plane polarized incident beam
has a certain azimuth ^ (Principal azimuth) circularly polarized light results. Approximately,
(Drude, Annalen der Physik, 36, p. 546, 1889),

k= tan 2;;; (i — cot %) and n= ""
f ?t^ (i + i cot^^).

For rougher approximations the factor in parentheses may be omitted. R =

centage reflection.

TABLE 206.

(The points have been so selected that a smooth curve drawn through them very closely indicates the characteristics

of the metal.)

= computed per-

Metal.



196 Tables 206-207.

OPTICAL CONSTANTS OF METALS.
TABLE 206.

Metal.



Tables 208-21 0.-THE REFLECTION OF LIGHT. 197

^ ^ ''
' 2 i sinS (i + /-)

"^
tan2(«-|-r) ) ' '^ '® "'^ amount polarized in the plane of inci-

dence; 5is that polarized perpendicular to this ;/ and ^ are the angles of incidence and refraction.



198 Tables 211-212.

REFLECTION OF METALS.
TABLE 211.— Perpenillcnlai Incldsnce anl RellecUon.

The numbers give the per cents of the incident radiation reflected.



Tables 213-215.

TRANSMISSIBILITY FOR RADIATION OF JENA GLASSES.
199

TABLE 213.
Coefficients, a, in the formula It= /oa«, where /q is the Intensity before, and Tt after, transmission

through the thickness t, expressed in centimeters. Deduced from observations by Miiller,
Vogel, and Rubens as quoted in Hovestadt's Jena Glass (English translation).

Type o£ Glass.

A=



200 Table 216.

TRANSMISSIBILITY FOR RADIATION.

TiansmlssiUUty oJ tie Various Substances ol TaUes 166 to 175.

Alum : Ordinary alum (crystal) absorbs the infra-red.

Metallic reflection at g.osii and 30 to 40/1.

Rock-salt : Rubens and Trowbridge (Wied. Ann. 65. 1898) give the following transparencies for

a I cm. thick plate in %

:

^
% 99-5 99-5 99-3

13

97.6

14

931

IS

84.6

16

66.1

17

51.6

18

27-5

19

9.6

20.7

0.6

23-7M

Pfluger (Phys. Zt. 5. 1904) gives the following for the ultra-violet, same thickness
:

280^;*, 95-5%

;

231,86%; 210,77%; 186,70%.

Metallic reflection at o.iio/n, 0.156, 51.2, and 57/1.

Sylvine : Transparency of a i cm. thick plate (Trowbridge, Wied. Ann. 60, 1897).

\



Tables 217-218.

TRANSMISSIBILITY OF RADIATION.
201

TABLE 217. - Coloi Screens.

The following light-filters are quoted from Landolt's "Das optbche Drehungsvermbgen, etc." 1898.
Although only the potassium salt does not keep well it is perhaps safer to use freshly prepared

solutions.

Color.



202 Tables 219, 21 9a.

TRANSMISSIBILITY OF RADIATION.

TABLE 219. — Color Soreens. Jena Glasses.

Kind of Glass-
Maker's
No.

Copper-ruby

Gold-ruby .

Uranium .

Nickel . .

Chromium

Green copper
Chromium

.

Copper chrom:
Green-filter

II (I

Copper . .

Blue-violet

Cobalt
Nickel
Violet

Gray.

2728

4S9"

454""

455"'

440'°

414"'

433'"
431'°
432""
436"'

437"^

438"
2742
447'"

424"
450"
452"
444"
•445"

Color.

Deep red

Red . .

Bright yellow . . .

( Bright yellow, fluo-

( resces.

Bright yellow-brown

Yellow-green . . .

Greenish-yellow . .

Green
Yellow-green . . .

Grass-green . . .

Dark green . . . .

it t(

Blue, as CUSO4 . .

Blue, as cobalt glass

Blue
Dark violet . . . .

I
Gray, no recog-

1

j nizable color j

Region Transmitted.

Only red to 0.6^

j Red, yellow ; in thin layers also

( blue and violet.

I Red, yellow, green to Eb ; in )

I
thin layer also blue )

( Red, yellow, green (weakened), 1

j blue (very weakened) J

Yellowish-green

Red, green ; from 0.65-. 50/11 . . .

Green, yellow, some red and blue .

Yellowish-green, some red . . .

Green
Green (in thin sheets some blue) .

Green
Green, blue, violet

Blue, violet

j Blue, violet, blue-green (weak- 1

I
ened), no red )

Blue, violet, extreme red . . . .

Violet (G-H), extreme red . . .

Violet (G-H), some weakened . .

All parts of the spectrum weakened

Thick-
ness,

mm.

1-7

16.

II.

10.

5-

2-3
2-5

5-

5-

S-12
5-

2-5

%'
7-

0.1-8

0.1-3

See " Uber Farbglaser fiir wissenschaftliche und technische Zwecke," by Zsigmondy, Z. fUr In-

strumentenkunde, 21, 1901 (from which the above table is taken), and " Uber Jenenser Licht-

filter," by Grebe, same volume.
(The following notes are quoted from Everett's translation of the above in the English edition of

Hovestadt's " Jena Glass.")

Division of the spectrum into complementary colors

:

1st by 2728 (deep red) and 2742 (blue, like copper sulphate).

2nd by 454°' (bright yellow) and 447'° (blue, like cobalt glass).

3rd by 433'° (greenish-yellow) and 424'" (blue).

Thicknesses necessary in above : 2728, i.6-i.7mm.; 2742,5; 454™, 16; 447™, 1.5-2.0; 433'",

2-5-3-5 ;
424"'> 3 mm.

Three-fold division into red, green and blue (with violet)

:

2728, 1.7 mm. ; 414'", 10 mm.; 447'", 1.5 mm., or by
2728, 1.7 mm. ;

436"', 2.5 mm.
;
447"', 1.8 mm.

Grebe found the three following glasses specially suited for the additive methods of three-color
projection

:

2745, red
; 438™, green; 447™, blue violet

;

corresponding closely to Young's three elementary color sensations.
Most of the Jena glasses can be supplied to order, but tlie absorption bands vary somewhat in

different meltings.

See also "Atlas of Absorption Spectra," Uhler and Wood, Carnegie Institution Publications, 1907.

TABLE 219a.—Water Vajoi.

Values of a in I= Iq e »*, d in c. m. Iq; I, intensity before and after transmission.

Wave-length /t.
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Tables 220, 221 .- ROTATION OF PLANE OF POLARIZED LIGHT.

TABLE 220. - Tartaric Add
; Camphor ; Santonin ; Santonlo Acid; Cane Sugar.

rola.S„Tar\%'o^%?McS'ofTn^d.d„,«"' ?'.r™-'«".B'h oa the rotation of the plane of polarization. The
stS?"?p"J-/.°[-h\t'=^al!?.°feot^^^^^^^ «""•"" "^ "-'^-^ fron>''Landolt & Born-

/— nuinber grams of the active substance in loo grams of the solution.c—
^^ solvent " " " "

„...,, .
^~ " " ^"'" " " cubic centimeter"

Right-handed rotation is marked +, left-handed .

Line of
spectrum.



204 Table 222.

NEWTON'S RINGS.

Newton's Table ol Colon.

The followine table rives the thickness in millionths of an inch, according to Newton, of a Pl=>'= °'/'''' '?'"! ?°?

glass c™lspondi?g to the different colors in successive rings commonTy called colors of the first, second, third,

etc., orders.



Table 223.

CONDUCTIVITY FOR HEAT.
205

The coefficient k is the quantity of heat in small calories which is transmitted per second through
a plate one centimeter thick per square centimeter of its surface when the difference of tempera-
ture between the two faces of the plate is one degree Centigrade. The coefficient k is found to

vary with the absolute temperature of the plate, and is expressed approximately by the equation

kt= kaii+ a(t— ^o)]. ka is the resistance at t^, the lower temperature of the bracketed pairs

in the table, kt that at temperature t and a is a constant.

Substance.

•iAluminum

Antimony .

Bismuth . .

Brass (yellow) . -j

" (red) . .j

Cadmium . . \

Constantin . .

j
6oCu+4oNi .

j

Copper . . . •!

German silver .

|

Iron (cast) . . \

" (wrought) !

Lead . . . .

-j

Mercury . . . <

Magnesium . .

Manganin
84Cu+4Ni+ I

i2Mn . . .j

Nickel . . .

Palladium . .

Platinum . . .

^

Steel (hard) . .

" (soft) . .

Silver . . . .

|

Tin
I

Wood's alloy .

Zinc . . . .j

Concrete (cinder)
" (stone)

Substance.

1 Lorenz.

2 J+ D*.
3 Norton.

4 H. F. Weber.

5 Kohlrausch.

Carborundum

.

Slate ....
Soil dry . . .

" wet
Diatomic earth

Fire-brick .

Granite . .

Lime . . .

Magnesia .

Marbles.lime-

j
from

I to

from
to

from
to

stone, cal

cite, com-
pact dolo-

mite . .

Micaceous flagstone

:

along cleavage . .

across cleavage

Paraffine . . .

Pasteboard . . .

Plaster of Paris . .

" " " powder
Quartz
Sand (white dry) . .

Sandstoneaiid
( j^^^hard grit.^ .

(dry). . .1 "
Sawdust
Serpentine (Corn-

wall red) . . .

Slate

:

along cleav- I from
age . . • t t°

across cleav- j from
age . . .

I
to

Snow.compact layers

Strawboard . . .

Vulcanite . . ' •

Vulcanized ( from
rubber (soft) 1 to

Wax (bees) . . .

Wood, fir

:

parallel to axis .

perpendicular to

o
100

.00050

0036
00033
,0016

,0001,

.0002I

,00510

,00550

,00029
.00016

.00045

,00470

,00560

.00632

.00441

.00014

.00023

.00168

.00045

.00070

.0026

,00036

00093

.00545

.00565

,00441

00550
,00650

.00315

,00360

.00051

.00033

.00087

.00034

.00054

.00009

.00030

,00009 8

V

8

6 H. L. & D.t
7 Hjeltstrom.

8 G. Forbes.

9 R. Weber.
10 Stefan.

ir Lees-Chorlton

12 Hutton-Blard.

•Jaeger and Diesselhorst.

Smithsonian Tables.

t Herschel, Lebour, and Dunn (British Association Committee).



2o6 Table 224.

THERMAL CONDUCTIVITIES AT HIGH TEMPERATURES.

Material.

Nickel

Aluminum

Iron

Copper

Graphite
(Artificial)

Amorphous
Carbon

Graphite brick

Carborundum brick

Magnesia brick

Gas retort brick

Building and terra

cotta

Silica brick
Stoneware mixtures
Porcelain (Sivres)

Fire clay brick

Limestone

Granite

Authority.

Angell 1

Angell ^

Hering

Hering

Hering

Hansen ''

Hansen ^

Hering

Wologdine

Pooled

Poole'

Temperature



Tables 225-228.

CONDUCTIVITY FOR HEAT.
TABLE 225. -Various Sutatances. TABLE 228.-Water and Salt Solnton,

207

Substance.

Asbestos paper
Blotting paper

.

Carbon . . .

Portland cement
Cork ....
Cotton wool
Cotton pressed
Chalk. . . .

Ebonite . . .

Felt ....
Flannel (dry) .

Glass {f;- ;

Horn ....
Haircloth . .

Ice . . . . i

Leather, cow-hide
" chamois

.

Linen
Silk

Caen stone (build-l

ing limestone)
)

Calc's sandstone I

(freestone) . J

k,

.00043

.00015

.00040J

.00071

.000717

.000043

.000033

.002000

.000370

.000087

.00012

.0011 )

.0023 j

.000087

.000042

.00223

.00568

.00042

.00015

.00021

.000095

•00433

Au-
thor.

ity.

1 G. Forbes.
2 H., L., & D.*
3 Various.

4 Neumann.
5 Lees-Chorlton.

Substance.



2o8 Table 229.

DIFFUSIVITIES.

The diffusivity of a substance= h^= k/cp, where k is the conductivity for heat, c the spe-

cific heat and p the density. (Kelvin.) The values are mostly for room temperatures, about i8°C.

Material.





2IO Table 231.

HEAT VALUES AND ANALYSES OF VARIOUS TYPES OF FUEL.

(a) Coals.

Coal.



Table 232.

CHEMICAL AND PHYSICAL PROPERTIES OF FIVE DIFFERENT
CLASSES OF EXPLOSIVES.

211

Explosive.

(A) Forty-per-cent nitro-
glycerin dynamite

(B) FFF black blasting

powder

(C) Permissible explo-

sive; nitroglycerin

class

(D) Permissible explo-

sive ; ammonium
nitrate class

(E) Permissible explo-

sive; hydrated class

1.25

0.97

1-54

'O a,

S 3
c s

I22I.4

789.4

760.5

992.8

610.6

g.B

Is

O rt

> au aSa

823s

4817

5912

7300

6597

•SI

227*

374t
458*

301*

279*

434*

I-?

O bo

Si
u

469.41

3008

3438§

2479

Eg-
43 S-

•3S8

925.

.471

•483

•338

24.63

54-32

27.79

25.68

17.49

83
"i.

J3 „
BS

sal
U C V

p4

I

88.4

79-7

45
154.4
126.9

4.1 II

103.9

65.1

15.4

89.8

27.5

75-5

86.1

56.0

33-°

0)^

a

25

25

800

Over
1000

Chemical Analyses.

(A) Moisture 0.91

Nitroglycerin 39.68
Sodium nitrate 42.46
Wood pulp 13.58

Calcium carbonate 3.37

(B) Moisture 0.80

Sodium nitrate 7°-57

Charcoal 17-74

Sulphur 10.89

(C) Moisture 789
Nitroglycerin 24.02

Sodium nitrate 36-25

Wood pulp and crude fibre from

grains 9-20

Starch 21.31

Calcium carbonate 0.97

Magnesium " 0.36

(D) Moisture 0.23

Ammonium nitrate 83.10

Sulphur 0.46

Starch 2.61

Wood pulp 1.89

Poisonous matter 2.54

Manganese peroxide 2.64

Sand 6.53

(E) Moisture 2.34

Nitroglycerin 3°-85

Ammonium nitrate 9-94
Sand 1-75

Coal 11.98

Clay 7-64

Ammonium sulphate 8.96

Zinc sulphate (7HO) 6.89

Potassium sulphate '9-^5

t Rate of burning.* One pound of clay tamping used. t Two pounds of clay tamping used.

§ Cartridges ij in. diam. II
For 300 grammes.

Compiled from U. S. Geological Survey Results,— " Investigation of Explosives for use in Coal Mines, 1909."

Smithsonian Tables.



212 Table 233.

HEAT OF

Heat of combination of elements and compounds expressed in units, such that when unit mass of the substance is



Table 233 (cmiinutd).

COMBINATION.
213

caused to combine with oxygen or the negative ladica
from 0° to 1° C. by the addifen of that hea^ '



214 Table 234.

LATENT HEAT OF VAPORIZATION.
The temperature of vaporization in degrees Centigrade is indicated by T ; the latent heat in large calories per kilo-

gram or in small calories or therms per gram by H; the total heat from o° C, in the same units by H*. The pressure

IS that due to the vapor at the temperature T.

Substance.



Table 234 (contimud).

LATENT HEAT OF VAPORIZATION.*

215

Substance, formula, and
temperature.

Acetone,
CsHeO,— 3° to 147°.

Benzol,

CeHe,
7° to 215°.

Carbon dioxide,

CO2,— 25° to 31°.

Carbon disulphide,

CS2,— 6° to 143°.

Carbon tetrachloride,

CCI4,
8° to 163°.

Chloroform,
CHCls,— S°toiS9°.

Nitrogen, N.

Nitrous oxide,

N,0,— 20° to 36°.

Oxygen, O.

Sulphur dioxide.

SO,,
0° to 60°.

Water, HjO.

/— total heat from fluid at o° to vapor at IP.

r=latent heatati".

/= 1 40.5 + 0.36644 1— 0.00051 6 fi

1= 139-9 + 0.23356 t+ 0.00055358 fl
r= 139.9— 0.27287 /+ 0.0001 571 fi

/= 109.0+ 0.24429/— 0.0001315 <2

r^= 1 18.485 (31 —t) — 0.4707 (31 — /2)

/^90.o+ o.i46oi t— 0.000412/2
/=89.5 4- 0.16993 if— 0.0010161/2-1-0.000003424^
r= 89.5— 0.06530 /— 0.0010976 fl 4- 0.000003424 fi

/= 52.0 -1- 0.14625 /— 0.000172 fi

/= 51.9 4- 0.17867 /— 0.0009599 ^+ 0.000003733 1"

r^ 51.9— 0.01931 /— 0.0010505/^-1-0.000003733/^

7= 67.0 -I- 0.1375/
/^ 67.0 -f- 0.14716 /— 0.0000937 /2

>-^67.o— 0.08519/— 0.0001444/"

>-=68.85— 0.2736 T

/•?=i3i.75 (36.4— /)— 0.928 (36.4— /)«

r= 60.67— 0.2080 T

r^ 91 .87— 0.3842 /— 0.000340 fi

r= 94.2 10 (365— /) "•81249, 30°_ 100°

r= 538.46— 0.6422 (/— 100) — 0.000833 ('—100)2,
ioo°-i8o°

f=539.66— 0.718 (/— 100), I20°-l8o°

Authority.

Regnault.
Winkelmann.

Regnault.

Cailletet and
Mathias.

Regnault.
Winkelmann.

Regnault.
Winkelmann.

Regnault.
Winkelmann.

Alt.

Cailletet and
Mathias.

Alt.

Mathias.

Henning.

* Quoted from Landolt & Borostein's "Fhys. Chem. Tab."

Smithsonian Tables.



2l6 Table 235.

LATENT HEAT OF FUSION.

This table contains the latent heat of fusion of a number of solid substances in large calories per
kilogram or small calories or therms per gram. It has been compiled principally from Landolt
and Bornstein's tables. C indicates the composition, 7" the temperature Centigrade, and ^the
latent heat.

Substance.



Table 236.

MELTING-POINTS OF THE CHEMICAL ELEMENTS.
217

The metals in heavier type are often used as standards.
The melting-points are reduced as far as possible to a common temperature scale which is the
one used by the United States Bureau of Standards in certifying pyrometers. This scale is de-
fined in terms of Wien's law with C2 taken as 14500, and on which the melting-point of platinum
is 1755° C (Nernst and Wartenburg, 1751 ; Waidner and Burgess, 1753 ; Polbom and Valentiner,

1770; see C. R. 148, p. 1177, 1909). Above 1100° C, the temperatures are expressed to the
nearest 5° C. Temperatures above the platinum point may be uncertain by over 50° C.

Element.
Melting-
point.

Remarks, Element.
Melting-
point,

Remarks.

Alutninum

Antimony

Argon
Arsenic
Barium
Beryllium
Bismuth

Boron

Bromine
Cadmium

Caesium

Calcium
Chlorine
Carbon
Cerium
Chromium

Cobalt

Copper

Erbium
Fluorine

Gallium
Germanium
Gold
Hydrogen
Indium
Iodine
Iridium

Iron

Krypton
Lanthanum

Lead
Lithium
Magnesium

658± I

630 J; I

— 188

500
850
<Ag
270

( > 2000 1

I <2S00)— 7-3

321

26

80s— 102

(>3Soo)
645

>IS20

1478

1083 i: 3

— 223

30.1

<Ag
1063±3— '59

15s
114
2290

1530

— 169
810

327±°-S
186

651

Most samples
give 657 or less

(Burgess).

"Kahlbaum" pu-

rity.

Ramsay-Travers.

(Guntz.)

Adjusted.

Weintraab.

Range : 320.7-

320.9.

Range : 26.37-

25-3 ,

Adjusted.
(Olszewski.)

Sublimes.

Burgess-Walten-
berg

Burgess-Walten-
berg

Mean, Holborn-
Day, Day-
Clement.

(Moissan - De-
war.)

Adjusted.

(Thiel.)

Range: 112-115.

Mendenhall In-

gersoU.
Burgess-Walten
berg.

(Ramsay).
(Muthmann-
Weiss.)

(Kahlbaum.

)

(Grube) in clay

crucibles, 635.

Manganese
Mercury
Molybdenum
Neodymium
Neon
Nickel

Niobium
Nitrogen
Osmium

Oxygen
Palladium

Phosphorus
Platinum
Potassium
Prassodymium
Rhodium

Rubidium
Ruthenium
Samarium
Selenium
Silicon

Silver
Sodium
Strontium
Sulphur

Tantalum

Tellurium
Thallium
Thorium
Tin
Titanium
Tungsten

Uranium
Vanadium
Xenon
Zinc
Zirconium

1260

-38.7
253s
840— 252
1452

1950— 211

About 2700

— 230?

1545 ±15

44.2

1755 ± 20

62.3

940
1910

38.5
1900?

I 300- I400
217
1420

961 ± I

97

"3-5-"9-5

2800

45'
302

>i700<Pt
231.9 ±.2

179s
2950

Near Mo
1720— 140

419^0.5
>Si

Burgess-Wallenberg

Mendenhall-Forsythe
(Muthmann-Weiss.)

Day, Sosman, Bur-

gess, Wallenberg.
v. Bolton.

(Fischer-Alt.)

(Waidner- Burgess,
unpublished.)

( Waidner-Burgess,
Nernst-Warten-
burg.)

See Note.

(Muthmann-Weiss.)
(Mendenhall-Inger-

soU.)

(Muthmann-Weiss.)
Saunders.
Adjusted.
Adjusted.

Between Ca and Ba ?

Various forms. See
Landolt-Bornstein.

Adjusted from Waid-
ner-Burgess ^2910.

Adjusted.

V. Wartenburg.

Burgess-Waltenberg.
Mean, Waidner-Bur-

gess and Warten-
burg.

Moissan.
Burgess-Waltenberg.
Ramsay.

Troost.

Smithsonian Tables.



2l8 Table 237.

BOILING-POINTS OF THE CHEMICAL ELEMENTS.

Element.



Table 238. 219
DENSITIES AND MELTING AND BOILING POINTS. INORGANIC COMPOUNDS.



220 Table 238 (continued).

DENSITIES AND MELTING- AND BOILING-POINTS.



Tables 239-240.

TABLE 239.— Eftect ol Fressnie on MelUng-Folnt.

221

Substance.



222 Tables 241 -243. MELTING-POINTS.
TABLE 241.— Meltlng-polnt o! Mlztues.



Table 244. 223
DENSITIES, MELTING-POINTS, AND BOILING-POINTS OF SOME

ORGANIC COMPOUNDS.
N-B.— The data in this table refer only to normal compounds.



224 Table 244 (cmtmmJ).

DENSITIES, MELTING-POINTS, AND BOILING-POINTS OF SOME
ORGANIC COMPOUNDS.

Substance.



TabUE 244 {concluded).

DENSITIES, -MELTING-POINTS, AND BOILING-POINTS OF
SOME ORGANIC COMPOUNDS.

(g) MlBoaUaneooB.

225

Substance.



226 Table 245.

TRANSFORMATION AND MELTING TEMPERATURES OF LIME-ALUMINA-
SILICA COMPOUNDS AND EUTECTIC MIXTURES.

The majority of these determinations are by G. A. Rankin. (Part unpublished.)

Substance. % CaO AIjOj SiOa Transformation. Temp.

CaSiOa
CaSiOs
CaaSiOi

Ca8Si207 .

CasSiOs .

CasAlaOe .

CasAleOn
CaAl204 .

CasAlioOis
AlaSiOs .

CaAlaSiaOs
Ca2Al2Si07
Ca8Al2Si08

48.2 —
65. -
65- -

58.2 —

SI.8

S1.8
35-

35-

41.8

73.6 — 26.4

62.2

47.8

354
24.8

20.1

40.8

50.9

37.8

52.2

64.6

75-2
62.8

36.6

37-2

3°-9

37-1

43-3
22.0

18.2

Melting
o to jS and reverse

Melting

7 to ;8 and reverse

J3 to a and reverse

Dissociation into Ca^SiO^ and
liquid

Dissociation into Ca2Si04 and
CaO

Dissociation into CaO and liquid

Melting
Melting
Melting
Melting
Melting
Melting
Dissociation into Ca2Si04+

Ca2Al2Si07 and liquid . .

1 54°°±2°
1200 ^2
2130 -Iio

67s =:S
1420 ^2

I47S ±5

1900 4;5
IS3S ±5
145s ±5
1600 -JI-5

1720 --10
1816 --10

1550 ±2
1590 J-2

133s ±5

EUTECTICS. EUTECTICS.

Crystalline Phases. %CaO AI2O, SiOj
Melting
Temp. Crystalline Pliases. %CaO AljO, SiOj

Melting
Temp.

CaSi08,Si02
Ca,Si08 I

3Ca0,2Si02 (

Ca,Si04 i

CaO. S

Al2Si06,Si02
AlaSiOs.AlzOs
CaAlaSiaOs I

CaSiOs I

CaAlaSiaOs i

SiOa f

CaAl2Si208 1

Si02,CaSi08
j

Ca2Al2Si07 i

Ca2Si04 }

AI2OS
CaAl2Si208

j

CaAlaSiaOg i

Al2Si06,Si02 S

Ca2Al2Si07
j

CasAlioOis 5

Ca2Al2Si07
CaAl204
Ca2Al2Si07
CaAl204
CaaAljoOis
CaAl2Si208
Ca2Al2Si07
Ca2Al2Si07
CajSiaO?
CaSiOa
Ca2Al2Si07
CaSiOa

37-

S4-S

67.5

341

lo.s

23.2

49.6

193

9.8

35-

37-8

37-S

30.2

47.2

45-7

13-

64.

18.6

I9-S

14.8

237

39-3

19.8

50.8

52.9

53-2

36.S

11.8

13-2

63-

45-5

32-5

87.

36-

47-3

70.

62.

26.7

41.4

70.4

14.2

9-3

9-3

33-

41.

41.1

1436'

i4SS±

2065^^

r6io
i8i0

1299

'359

1165

'545

1547

1345

1552

1512

1505

1385

1310

1316

CaAlaSisOg
Ca2Al2Si07
CaSiOa
CaAl2Si208
Ca2Al2Si07
AI2O8
Ca2Si04
CaAl204
CasAlsOu

38. 20. 42.

29-2 39- 3I-J

49-5 43-7 6.i

1265'

1380

1335

QUINTUPLE POINTS.

Ca^AlaSiO?
CaaSiOT
Ca2Si04
Ca2Al2Si07
CaaSiOi
CaAl204
CaAl2Si208
AI2O3
Al2Si05
CaaAlioOis
Ca2Al2Si07
AlaOa

48.2 1 1.9 39.9

48.3 42. 9.7

15-6 36-5 47-9

31.2 44-5 24.3

1335

1380

1512

H75

QUADRUPLE POINTS.

3Ca0.2Si02
2Ca0.Si02 55-5 — 44.5 147s

The accuracy of the melting-points is s to lo units. Geophysical Laboratory. See also Day and Sosman, Am. J.
of Sc. xxxi, p. 341, 1911.

Smithsonian Tables.



227Table 246.
LOWERING OF FREEZING-POINTS BY SALTS IN SOLUTION.

^"of'wft?r.''l"»T'^^'''^".'^^
number of gram-molecules (anhydrous) dissolved in looo grams

,^%^»if ' *?^^=°"<l<:°"'ams the molecular lowering of the freezing-point; the freezing-point

wegth:na%'eference°Vumber "'"""" ^''" ''^ '='^'""^' '°™"'^ '^ ^'^^" *^ """^'"'^^

g. mol.

looo g. HjO
3'S

Pb(N03)„ 331.0:

0.000362
.001204
.CO2805

.005570
01737
5015

Ba(NO,)., 261.5

:

0.000383
.001259
.002681

.005422

.008352
Cd{NO,)2, 236.5:

0.00298
.00689

.01997

.04873
AgNO,, 167.0 : 4,

0.1506
.5001

.8645

1-749

3.856
0.0560
.1401

•3490
KNO3, 101.9

0.0 100
.0200

.0500

.too

.200

.250

.500

•75°
1.000

NaNO.,, 85.09

:

0.0 100
.0250

.0500

.2000

.500

.5015
1.000
1.0030

NH4NO3, 80.11

O.OIOO

.0250

3-

;6,7.

5-30

5.17

4.97

4.69

2.99

'5.60

5.28

5.23

5-13

5.04

5-4°

ii^
5.15

' 3.32'

2.96

2.87

2.27

1.8s
1.64

3.82

3.58
3.28

3.5

35
3-41

3-31

3-19
3.08

2.94
2.81

2.66

3-46

3-44

3-345
3.24

3.30

3-15

3-03

6, S

3.6°

3.50

g. mol.

1000 g. H2O

<3 a>

ShJ

0.0500
.1000

.2000

.500
1.000

LINO3, 60.07 : 9.

0.0398
.1671

.4728
1.0164

AlsCSO,),, 342.4

:

0.0131
.0201

.0543

.1086

.217

CdSO,, 208.5: I, )

0.000704
.002685

.01151

.03120

•1473
.4129

•7S°i

1-253

3-47'

3.42

3-32
3.26

3-H

3-4°

3-35

3-35

3-49

O.

5-6°

4-9

4-5

4-03

3.83

3-35'

3-05
2.69

2.42

1.80

1.76

1.86

KjSO„i74.4:3,5,6, 10, 12

0.00200

.00398

.00865

.0200

.0500

.1000

.200

•454
CUSO4, 159.7

:

0.000286

.000843

.002279

.006670

.01463

.1051

.2074

•4043
.8898

MgSO,, 120.4:

0.00067 s
.002381

.01263

.0580

.2104

5-4'

5-3

4.76

4.60

4-32

4.07

3-87

, II.

3-3°

3-15

3-03

2-79

2-59
2.28

1.84

1.76

I, II.

3-29

3.10

2.72

2.65

2.23

g. mol.

1000 g. H2O
11

0.4978
.8112

'-5233

BaCl,, 208.3: 3,6, 13.

0.00200 5.5'

.00498

.0100

.0200

.04805

.100

.200

.500

.586

•75°

CdCla, 183.3: 3.14
0.00299
.00690
.0200

2.02°

2.01

2.28

5-2

5-0

4-95
4.80

4.69

4.66

4.82

5.03

5.21

.0541

.0818

.214

.429

.858

1.072

CUCI2, 134.5 : g.

0.0350

•337
•3380

•7149

C0CL2, X29.9: g.

0.0276

.1094

.2369

•4399
•538

CaCl^, xix.o: 5,

0.0100

.05028

.1006

•5077
.946

2.432

3^469
3.829

0.0478

•153

•331
.612

.998

4.8

4.64
4.1

1

393
3-39
3-03
2.71

2.75

4-9°

4.81

4-92

5-32

5-0°

4-9

5-03

5-30

5-5

13-16-

4.85

4-79

5-33

5-3
8.2

II.

5

14.4

5-2

4.91

S-15

6-34

g. mol.

looo g. HaO 1°

MgClj, 95.26 : 6,

O.OIOO

.0500

.1500

.3000

.6099

KCI, 74.60: g, 17-ig.

5-1°

4-98

4.96
5.186

5.69

0.02910

.05845

.112

-3139
.476
1.000

1.989

3.269

3-54'

3-46

3-43
3-41

3-37
3.286

3.25

3.25

NaCl, 58.50: 3,20, 12, 16.

0.00399 3-7°

.01000 3 67

.0221 3.55

-04949 3-51
.1081 \ 3.48

.2325 3.42

-4293 3-37
.700 3.43

NHjCl, 53.52 : 6, IS.

3-6°

3.56

3.50

3-43

3-396

3-393
3-41

'3-7°

3-5

3-53
3-50
3.61

3-71

5-1°

4-9

5.00

5.18

1-4°

1.2

1.07

1.07

O.OIOO

.0200

.0350

.1000

.2000

.4000

.7000

LiCl, 42.48 : 9, I

0.00992

•0455
.09952

.2474

.5012

•7939

BaBr,, 297.3 : .<

O.IOO

.150

.200

.500

AlBr,, 267.0 : 9.

0.0078

•0559
•I971

•4355

1 Hausrath, Ann. Phys. 9, 1902.

2 Leblanc-Noyes, Z. Phys. Ch. 6, iSga

3 Jones, Z. Phys. Ch. 11, 1893.

4 Raoult, Z. Phys. Ch. 2, 1888.

5 Arrhenius, Z. Phys. Ch. 2, 1888.

6 Loomis, Wied. Ann. 57, 1896.

7 Jones, Am. Chem. J. 27. igo2.

8 Jones-Caldwell, Am. Chem. J. 25,

9 Biltz, Z. Phys. Ch. 40, 1902.

10 Jones-Mackay, Am. Chem. J. 19,

11 Kahlenberg, J. Phys. Ch. 5, 1901.

12 Abegg, Z. Phys. Ch. 20, 1^896.

13 Jones-Getman, Am, Ch. J. 27, 1902.

14 Tones-Chambers, Am. Ch. J. 23, 1900.

15 Loomis, Wied. Ann. 60, 1S97.

16 Roozeboom, Z. Phys. Ch. 4, 1889.

17 Raoult, Z. Phys. Ch. 27, 1898.

18 Roloff, Z. Phys. Ch. 18, 1895.

19 Kistiakowsky, Z. Phys. Ch. 6, 1890.

«,, n..;. ^........ ... .„ 1897. 20 Loomis, Wied. Ann. 51, 1894.

Compiled from Landolt-Bomstein-Meyerhofier's Physikalisch-chemische Tabellen.

Smithsonian Tables.

igoi.



228 Table 246 (cmtinued).

LOWERING OF FREEZING-POINTS BY SALTS IN SOLUTION (contUmtd).



Table 247. 22q
RISE OF BOILING-POINT PRODUCED BY SALTS DISSOLVED IN WATER.*

Salt.

BaCla + 2H2O
CaCla
Ca(N08)2 + 2H2O
KOH
KC2H3D2 .

KCl . .

K2CO8
KClOg
KI .

KNOs

KaCiHiOe + iHsO
KNaCiHiOe .

KNaC4H408 + 4H2O
LiCl .

LiCl + 2H3O .

MgCl2+ 6H20 .

MgSOi + 7H2O
NaOH
NaCl .

NaNOs

NaCaHaOz + 3H2O
Na2S203
NaaHPOi .

Na2C4H406 + 2H2O
Na2S20a + SH2O

Na2COs + 10H2O
Na2B407 + 10H2O
NH4CI
NHjNOa .

NH4SO4 .

SrCl2 + 6H2O .

Sr(N03)2
C4H6O6 .

C2H2O4 + 2H2O
CeHsO, + H2O

1°C.

15.0

6.0

12.0

6.0

9.2

"S
13.2

15.0

IS-2

18.0

17-3

25.0

6.5

II.O

41.5

4-3
6.6

9.0

14.9

14.0

17.2

21.4

23.8

34-1

39-

6-5

1 0.0

15.4

2°

3I-I

25.5

9-3
1 2.0

i6.7

22.5

27.8

30.0

31.0

36.0

34-S

S3-

5

7.0

13.0

22.0

87.5
8.0

12.4

18.S

30.0

27.0

34-4

44.4
50.0

86.7

93-2
12.8

20.0

30.1

20.0 40.0

24.0 45.0
17.0

19.0

29.0

34-4
40.0

58.0

47-3
16.5

39-S
13.6

18.0

234
32.0

44.6

4S-0
47-5

54-0

84.0
lO.O

19-5

33-0
138.0

"•3
17.2

28.0

46.1

39-0

51.4
68.2

78.6

177.6

254.2

19.0

30.0

44.2

60.0

63.6

52.0
62.0

87.0

63-5
21.0

53-5

17.4

24-5

29.9
40.0

62.2

60.0

64.5

72.0
68.1

1 18.0

12.S
26.0

44.0
196.0

1 4-3

21.S
38.0

62.5

68.4

93-9
108.

1

3694
898-5

24-7

41.0

58.0

81.0

81.4

70.0

86.0

1 16.0

10° 16° 20°

(71.6 gives 4°.5 rise of temp.)

^:°



230 Table 248.

FREEZING MIXTURES.*

Column , gives the name of the principal refrigerating substance, .4 the
Pll^^f^l'l^^h^^'f^^^^-f^^^^^'^^Z

tion of a second substance named in the column C the proportion of a third substance, Z) the '""P"^'";' ",^"4
substances before mixture, E the temperature of the mixture, F the lowering of temperature. U the temperature

IhefaTsnow ismS whin s^^^^ is used, and /f the amount of heat absorbed in heat units (small calor.es when

A is grams). Tempeiatures are in Centigrade degrees.

Substance.



Table 249. 231

CRITICAL TEMPERATURES, PRESSURES, VOLUMES, AND DENSITIES OF
GASES.*

9 = Critical temperature.

/"= Critical pressure in atmospheres.

= Critical volume referred to volume at 0° and 76 centimeters pressure.

</ = Critical density in grams per cubic centimeter.

a, b, Van der Waals constants in(p + —
^)

^v — bJ=i+ot.



232 Table 250.

LINEAR EXPANSION OF THE ELEMENTS.

In the heading of the columns t is the temperature or range of temperature ; C is the coefficient

of linear expansion ; A\ is the authority for C; Mis the mean coefficient of expansion between
o° and 100° C. ; o and j8 are the coefficients in the equation It^ la (i -{ at -\- &fi), where /o is

the length at o° C. and /,the length at f C. j A^is the authority for a, ;3, and M.

Substance.



TABLE 251.

LINEAR EXPANSION OF MISCELLANEOUS SUBSTANCES.

233

The coefficient of cubical expansion may be taken as three times the linear coefficient, t is the temperature or range
o£ temperature, C the coefficient of expansion, and A the authority.

Substance.



234 Table 252.

CUBICAL EXPANSION OF SOLIDS.

If »2 and »i are the volumes at h and h respectively, then j'2= z'i (i + CiU), C being the

coefficient of cubical expansion and tU the temperature interval. Where only a single temperature

is stated C represents the true coefficient of cubical expansion at that temperature.*

Substance.

Antimony
Beryl
Bismuth
Copper . . . .

Diamond
Emerald
Galena
Glass, common tube . .

" hard
" Jena, borosilicate

59 III .

" pure silica

Gold .

Ice . .

Iron .

Lead .

Paraffin

Platinum
Porcelain, Berlin .

Potassium chloride
" nitrate
" sulphate

Quartz . .

Rock salt .

Rubber . .

Silver . . .

Sodium . .

Stearic acid

.

Sulphur, native

Tin .

Zinc

/ or A<

o-ioo
o-ioo
o-ioo
O-IOO
40
40

O-IOO
O-IOO
0-100

20-100
0-80
0-iqo—20—^i

O-IOO
O-IOO
20

0-100
20

0-ICO
O-IOO
20

O-IOO
50-60

20
O-IOO
20

33-8-4S-5
I3-2-SO-3

O-IOO
O-IOO

ex io« Authority.

0.3167



Table 253. 235
CUBICAL EXPANSION OF LIQUIDS.

If Vo is the volume at 0° then at t° the expansion formula is Vi = yo{i + at+pfl + yi').

The table gives values of o, $ and 7 and of C, the true coefficient of cubical expansion, at 20"
for some liquids and solutions. A( is the temperature range of the observation and /I the
authority.

Liquid.



236 Table 254.

COEFFICIENTS OF THERMAL EXPANSION.

OoeUlolsnts ot Ezianslon ol Oases.

Pressures are given in centimeters of mercury.

Coefficient at Constant Volume.



237Tables 255-257.

MECHANICAL EQUIVALENT OF HEAT.
TABLE 266.— SummRI?.

Taken from J. S. Ames, L'^quivalent mecanique de la chaleur, Rapports pr^sentes au congrfes

international du physique, Paris, 1900.

Name.

Joule . .

Rowland

Reynolds-Morby

.

Griffiths . . . .

Schuster-Gannon

Callendar-Barnes

Method.

Mechanical
Mechanical

Mechanical

Electrical . .

EH
R

Electrical Kit.

Electrical Eit.

Scale.

Latimer-Clark= i.4342v at IS^C.

International Ohm

Latimer-Clark= 1.4340V. at 15°

C, Elec. Chem. Equiv. Silver= o.ooi I i8g
Latimer-Clark^ 1.4342V. at 15° C,

Result.

4-173



238 Table 258.

SPECIFIC HEAT OF THE CHEMICAL ELEMENTS.

Element.



Tables 258 (.continued) -259.

SPECIFIC HEAT.
TABLE 268. -Speclllo Heat ol thB Ohemloal Elements {contimud).

239

Element.

Platinum

Potassium
Rhodium
Ruthenium
Selenium
Silicon .

Silver

" fluid
Sodium .

Range * of
Temperature, °C,

-186-+18
o-ioo
100
Soo
700
900

1 100
150a
soo

1 100
isoo

-18S-+20
10-97
O-IOO

-I88-+I8
— I8S-+20

-39.8
+57.1
232

— 186—79
-79-+ 18

O-IOO
23
ZOO
soo

17-507
800

907-1100
—I8S-+20

Specific

Heat.

0.0293
.0323
.0275
.0356
.0368
.0380
.0390
.0407
.0335
.0358
.0368
.170
.0580
.0611
.068
.123
.1360
.1833
.2029
.0496
.0544
.0559
.05498
.05663
.0581
.05987
.076
.0748
.253

Refer-

ence.

26
24
34
35

34
43
18

Element.

Sulphur . . .

'* rhombic
" monoclin

„ " liquid .

Tantalum . .

Tellurium '. '. '.

'* crys. . .

Thallium . . . .

Thorium . . . .

Tin

" cast . . , ,

1;
fluid . . . .

Titanium . . . .

Tungsten. . . .

Uranium .

Vanadium
Zinc. . .

Zirconium

Range * of
Temperature, °C.

-188-+18
0-54
0-52

119-147
-18S-+20

1400—188-+18
15-100

—18S-+20
20-100
O-IOO

-196—79
-76-+18
21-109
2S0
1100

-I8S-+20
O-IOO

—I8S-+20
O-IOO

1000
0-98
O-IOO

—192-+20
20-100
O-IOO
100
300
0-100

Specific



2AO Tables 260, 261

.

TABLE 260. — Additional Specific Heats ol tbe Chemical Elements.

Element.



Tables 262-263.

TABLE 262. -Speolllc Heat ol Vulons SoUda.*

241

Solid.

Alloys

:

Bell metal
Brass, red

" yellow
80 Cu-l-20 Sn
88.7 Cu+i 1.3 Al .'

.

German silver

Lipowitz alloy: 24.97 Pb + 10.13 Cd + 50.66 Bi

+14.24 Sn ....
Rose's alloy : 27.5 Pb+48.9 Bi+23.6 Sn

Wood's alloy: 25.85 Pb + 6.99 Cd + 52.43 Bi +
14-73 Sn

" " (fluid)

Miscellaneous alloys

:

17.5 Sb4-29.9 Bi+18.7 Zn+33-9 Sn . . .

37.1 Sb+62.9 Pb
39.9 Pb-i-6o.i Bi

" " (fluid)

63.7 Pt)+36.3 Sn
46.7 Pb+53.3 Sn
63.8 Bi-l-36.2 Sn
46.9 Bi+53.i Sn

Gas coal

Glass, normal thermometer 16™
" French hard thermometer . . . .

crown
flint .

Ice

India rubber (Para)

Paraffin

Temperature

« fluid .

Vulcanite

15-98
o
o

14-98
20-100
O-IOO

s-50
100-150
—77-20
20-89

5-50
100-150

20-99
10-98

16-99
144-358
12-99
10-99
20-99
20-99
20-1040
19-100

10-50
10-50

-188 252
—78 188
--18 78
?-IOO
-2^+3—I9--f-20

0-20

60-63
20-100

Specific Heat. Autiiority.t

0.0858

.08991

.08831

.0862

.10432

.09464

•0345
.0426

.0356

.0552

.0352

.0426

•05657
.03880

.03165

.03500

.04073

.04507

.04001

.04504
•3145
.1988

.1869

.161

.117

.146

.285

•463
.481

.3768

•5251

•6939
.622

.712

33 iz

R
L
((

R
Ln
T

M

S
li

M
t(

R

P

W
z
H M

D

G-T
RW

B
ft

AM

TABLE 263.— Specific Heat ol Vailons Liqnlls.*

Liquid.

Alcohol, ethyl .

" " . .

" methyl
** "

Anilin
It

^ ,

" ...
Benzole, CeHe."...

** ...
Diphenylamine, C12H11N

tt

Ethyl ether

Glycerine
Nitrobenzole .

Temper-
ature °C.

—20
O
40
5-10
15-20

IS

3°
SO
10

40
65

S3
65
o

15-50
14

Specific

Heat.
Autlior-

ity.

0.5053
.548

.648

.590

.601

.514

.520

.529

.340

.423

.482

.464

.482

.529

.576

•350

R

H

R
E
A

Liquid,

Nitrobenzole
Napthalene, CioHg

Oils : castor .

citron .

olive .

sesame
turpentine

Petroleum
Toluol, CbHs

CaCl2, sp.gr. 1.14

Temper-
ature °C.

28

80-85

90-95

5-4

6.6

o
21-58
10

f5
85
—15
o

+ 20
—20

Specific

Heat.
Autiior-

ity.t

0.362

•396

.409

•434

438
.471

•387

.411

364
.490

.534

.764

•775

.787

.695

A
B
It

WHW
it

W
R
Pa
H-D

DMG

. These specific heat tables are compiled partly from more extended tables in Landolt-Bornstein-Meyerhofier's Tables.

t For references see Table 263, page 242.

SMiTHSoNfAN Tables.



242 Tables 263 (contmuedi-264:

TABLE 263. — SpecUlc Heat of Vailaas Iiliiuids.

Liquid.



Table 265.

SPECIFIC HEATS OF GASES AND VAPORS.

243



244 Tables 266-269.

THERMOMETERS.
TABLE 266. — Oas and Mercnr? Tbeimometers.

If fe, ts, /co2, ^16. "sa, 't, are temperatures measured with the hydrogen, nitrogen, carbonic acid,

16"^, s^, and " verre dur " (Tonnelot), respectively, then

ta—h= '"^o^ [— 0.61859+ 0.0047351./— 0.00001 1
577-'^]»

/h—/i= II [—0.55541 + 0.0048240./— 0.000024807 ./2]*

<„„2- h= ''°°~/''' [-0.33386+ 0.0039910./- o.ooooi6678./»]*
100*

fe— /i6=
('°°~/)^ [-0.67039+ 0.0047351./— 0.00001 iS77./2]t

100'

/h—/6»= <'°°~/)^ [-0.31089+ 0.0047351./— 0.00001 1 577./2]t

• Chappuis; Trav.etM^m. da Bur. internal. desPoidsetMes. 6, 1888.
„ » , -r. ., i.

t Thiesen, Scheel, Sell i Wiss. Abh. d. Phys. Teclm. Reichanstalt, z, 1895 ; Scheel ; Wied. Ann. 38, 1896; D. Mech.

Ztg. 1897.

TABLE 267. ta-t,, (Hyflrogen-ie™).



Tables 270, 271.

AIR AND MERCURY THERMOMETERS.

TABLE 270. tAin— tjo- (Air— 16"".)

245

°c.



246 Tables 272-274.

GAS, MERCURY, ALCOHOL, TOLUOL, PETROLETHER, PENTANE,
THERMOMETERS.

TABLE 272. — t^—tji (Hylrogen-Meroiuy).

Temper-
ature, C.



Tables 275-277.

TABLE 276.— Flatlnnm Resistance Thermometers.

247

Callendar has shown that if we define the platinum temperature, pt, by pt = ioo-{ (R— Ro)
/( Rioo—Ro) ^ , where R is the observed resistance at t° C, Ro that at 0°, Rioo at 100°, then the re-

lation between the platinum temperature and the temperature t on the scale o£ the gas thermo-
meter is represented by t— pt= ! •{ t/ 100 — i ^ t/ioo where S is a constant for any given sample
of platinum and about 1.50 for pure platinum (impure platinum having higher values). This holds
good between— 23° and 450° when 8 has been determined by the boiling point of sulphur (445°.)

See Waidner and Burgess, Bui. Bureau Standards, 6, p. 149, 1909.

TABLE 276. — TliermodTiiamlc Temperatvie ol tlie loe Point, and RednoUon to Thermodynamic Scale.

Mean= 273.10° C. (ice point)

For a discussion of the various values and for the corrections of the various gas thermometers to

the thermodynamic scale see Buckingham, Bull. Bureau Standards, 3, p. 237, 1907.

Scale Corrections lor 0as Thermometers.

Temp.
C.



248 Table 278.

CORRECTION FOR TEMPERATURE OF MERCURY IN THERMOMETER
STEM.

The Stem Correction is proportional to kj8( T—t) : where « is the number of degrees in the

exposed stem ; $ is the apparent coefficient of expansion of mercury in the glass ;
7' is the measured

temperature ; and t is the mean temperature of the exposed stem determined by another ther-

mometer, exposed some 10 cm. from, and at about half the height of, the exposed stem of the first

For temperatures up to ioo°C, the value of $ is for

:

Jena glass XVI™ or Greiner and Friedrich resistance glass,

Jena glass 59™, ^— or 0.000164.

At 100° the correction is in round numbers 0.01° for each degree of the exposed stem ; at 200°

0.02° ; and for higher temperatures proportionately greater. At 500° it may amount to 0.07° for

each exposed degree.

Tables 278-280 are taken from Rimbach, Zeitschrift fiir Instrumentenkunde, 10, 153, 1890, and
apply to thermometers of Jena or of resistance glass.

6300
or 0.000159;

TABLE 278.— Stem Oonectloii for Tbermometei of Jena Glass (0°-360°C.).

Degree length 0.9 to i.i mm; /= the observed temperature; <'=that of the surroimding air

I dm. away ; «^ the length of the exposed thread.

CORKECTION TO BE ADDED TO THE READING t.



Tables 279, 280. 240
CORRECTION FOR TEMPERATURE OF MERCURY IN THERMOMETER

STEM ifoKtimted).

TABLB 279. — Stem OOReotlon lor Tbennometer of Jena Olaas (0°-3B0° 0).

Degree length i to 1.6 mm.; <=the observed temperature; <'=that o£ the surrounding air
one dm. away ; n= the length of the exposed thread.



250 Tables 281-282.

TABLE 281.— Standard Calibration Onrre <or PL— Ft. Rb. (10% Rli.) Thermo-Elflment.

Giving the temperature for every loo microvolts. For use in conjunction with a deviation curve determined by cali-

bration of the particular element at some of the following fixed pouits:

Water
Napthalene
Tin
Benzophenone
Cadmium
Zinc
Sulphur
Antimony
Aluminum

boiling-pt.



Tables 283-285.

RADIATION CONSTANTS.
TABLE 283.— Hafllatlon Fonnula and Constants lor Periact Radiator.

251

at,^e^7^'?ih^oh,?^'r?V'""-
^™"'„^." ^^^''^ body " (exclusive of convection losses) at the temper-ature J laDsoiute, C) to one at i° is equal to

/=<t(7'4— /4) (Stefan-Boltzmann)
iWhere 0-= 1.374 x 10-12 gram-calories per second per sq. centimeter.

=8.26 X lo-'i " " " minute " " "

= S-7S X 10-12 watts per sq. centimeter.
The distribution of this energy in the spectrum is represented by Planck's formula

:

/,= QX-^[.^-i]-'
where /a is the intensity of the energy at the wave-length \ (\ expressed in microns, n) and e is

the base of the Napierian logarithms.

Ci= 9.226X 10-28 for/in ^^:!?^^=3.86X 10-^ for/in^sec. cm.^ •' ' cm?
Ci^= 1.4450 for X in cm.

/™,= 3.iiXio+4 rs for/in ^-^^!^^-= i.30Xi0+6 r^ for/in ^^
sec. cm.' •" " cm?

XnmT^ 0.2910 for \ in cm.
h= Planck's unit= elementary "Wirkungs quantum "= 6.83 X lo-^' ergs. sec.
k= constant of entropy equation= 1.42 X 10— '* ergs, /degrees.

TABLE 284.— Radiation In Qram-Caloiles per 24 Eonrs per sv. cm. liom a Perleot Radiator at t° C to

an absolutely Cold Space (—273° 0).

Computed from the Stefan-Boltzmann formula.

^C



252 Tables 286, 287.

COOLING BY RADIATION AND CONVECTION.

TABLE 286. —At Ordinary Pressnres.

According to McFarlane* the rate of loss of heat by a sphere

placed in the centre of a spherical enclosure which has a

blackened surface, and is kept at a constant temperature of

about 14° C, can be expressed by the equations

e= .000238 + 3.06 X 10-0/— 2.6 X io-«^,

when the surface of the sphere is blackened, or

€ = .000168 + i.gS X 10—«/— 1.7 X lo-a/*,

when the surface is that of polished copper. In these equa-

tions, e is the amount of heat lost in c. g. s. units, that is,

the quantity of heat, small calories, radiated per second per

square centimeter of surface of the sphere, per degree differ-

ence of temperature t, and t is- the difiference of temperature

between the sphere and the enclosure. The medium through

which the heat passed was moist air. The following table

gives the results.

Differ-

ence of
tempera-

ture
t



Tables 288, 289. 253

COOLING BY RADIATION AND CONVECTION.

TABLE 288. — CooUng of Platinum Wire In Copper Envelope.

Bottomley gives for the radiation of a bright platinum wire to a copper envelope when the space between is at the

highest vacuum attainable the following numbers : —
t= 408° C, et= 378.8 X 10-*, temperature of enclosure i6° C.

/— 505*^ C, ^/= 726.1 X 10-*, " " 17O C.

It was found at this degree of exhaustion that considerable relative change of the vacuum produced very small

change of the radiating power. The curve of relation between degree of vacuum and radiation becomes asymp-

totic for high exhaustions. The following table illustrates the variation of radiation with pressure of air in

enclosure.

Temp, of enclosure i6° C, ^= 408° C.



254 Table 290.

PROPERTIES OF STEAM.

Hetrlo Heasnre.

The temperature Centigrade and the absolute temperature in degrees Centigrade, together with other data for steam
or water vapor stated in the headinp;s of the columns, are here given. The quantities of heat are in therms or calo-

ries according as the gram or the kilogram is taken as the unit of mass.

d

1
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PROPERTIES OF STEAM.

British Ueaasie.

.Sfe-g



Table 291 (continued).

PROPERTIES OF STEAM.
Bilttsh Ueasnie.

257

to g

MS

at.

c a

3S ED

p

M
3^

IT-

JSga
eSLs

100
lOI

102

103
104

105
106

107
108

109

110
HI
112

"3
114

115
116
H7
118

119

120
121

122

123
124

125
126

127
128

129

130
131

132

133
134

135
136

137
138

139

140
141

142

143
144

145
146

147
148

149

14400
I4S44
14688
14832
14976

1 51 20

15264
15408

15696

15840
15984
161 28

16272
16416

16560
16704
16848
16992
17136

17280
17424
17568
17712
17856

18000
18144
18288

18432
18576

18720
18864
igooS

191 52

19296

19440
19584
19728
19872
20016

20160

20304
20448
20592
20736

20880
21024
21 168

21312
21456

6.803

.87?

•939
7.007

.075

7-143
.211

.279

•347

.415

7-483

•SSI
.619

.687

-7SS

7.823
.891

•9S9
8.027

.095

8.163

.231

.299

-367

-43S

8.503

•S7J

-639
.708

.776

8.844
.912

.980

9.048
.116

9.184
.252

.320

.388

.456

9.524
.592

.660

.728

.796

9.864

-932
10.000

.068

.136

327.6

328.3

329.0

3297
330-4

331-1

33'-8

332-5

333-2

333-8

334-5
335-2

335-8

336-S
337-2

337-8

338.5

339-1

339-7

340-4

341.0

341.6

342.2

342.8

343-5

344-1

344-7

345-3

345-9

346-S

347-1

347-6
348.2

348.8

349-4

349-9

350-5
35I-I

351-6
352.2

352.8

353-3

353-9
354-4
355-0

355-5

356.6

357-1

357-6

4-356
.316

.276

-237

.199

4.161

.125

.088

.053

.0x8

3-984

-950

.917

.885

-853

3.821

.790

.760

-730
.700

3-671

-643

.615

-560

3-534
-507

.481

456
•431

3.406
.382

-358

-334
.310

3.287
.265

•442
.220

.199

3-177

.156

-135

.115

-094

3-074

.054

•035
.016

-997

0.2295

•2317

2338
.2360

.2381

0.2403
.2424

.2446

.2467

.2489

0.2510

•2531

•2553
.2574

.2596

0.2617

.2638

.2660

.2681

.2702

0.2724

.2745

.2766

-2787

.2809

0.2830

.2851

.2872

.2893

.2915

0.2936

.2957

.2978

.2999

.3021

0.3042

•3063
.3084

•3105
.3126

0.3147
.3168

.3190

.3211

-3232

0-3253

•3274

-3295

-3316

-3337

298.9

299-7

300.4
301.1

301.9

302.6

303-3
304.0

304-7

305-4

306.1

306.8

307-5
308.2

308.8

309-5
310.2

310.8

311-S
312.1

312.8

313-4
314-1

314-7

315-3

316.0

316.6

317.2

317-8

318.4

319.0

319-7

320.3

320.9

321-5

322.1

322.6

323-2

323-8

324-4

325.0

325-5
326.1

326.7

327.2

327.8

328.4

328.9

329-5

330-0

802.0

801.4
800.8

800.3

799-7

799-2

798.6

798.1

797-S
797.0

796-5

795-9

795-4
794-9

794-4

793-8

793-3
792.8

792-3
791.8

791-3
790.8

790.3

789.9

789.4

788.9

788.4

787-9

787-5
787-0

786.5
786.1

785.6

785-1

784.7

784.2

783.8

783-3
782.9

782.4

782.0

781.6

781.1

780.7

780.3

779.8

779-4
779-0
778.6

778-1

80.95
81.00

81.05
81.10

81.14

81.18

81.23

81.27

81.31

81.36

81.41

81.45
81.50

81.54
8158

81.62

81.66

81.70

81.74
81.78

81.82

81.86

81.90

81.94
81.98

82.02

82.06

82.09
82.13

82.17

82.21

82.25
82.28

82.32

82.35

82.38

82.42

82.45

82.49
82.52

82.56

82.59
82.63
82.66

82.69

82.72

82.75

82.79
82.82

82.86

882.9
882.4

881.9

881.4
880.8

880.3

879.8

879-3
878.8

878.3

877-9

877.4
876.9

876.4

875.9

875-5
875.0

874-5
874.1

873-6

873-2

872.7

872.2

871.8

871-4

870.9

870.5
870.0

869.6
869.2

868.7

868.3

867.9

867.5
867.0

866.6

866.2

865.8

865.4
865.0

864.6

864.2

863.8

863.4
863.0

862.6

862.2

861.8

861.4

861.0

1181.8

1182.1

1182.3

1182.5

1182.7

1182.9

1183.1

1 183.4

1183.6

1183.8

1 184.0

1184.2

1184.4
1184.6

1184.8

1185.0

1185.2

1185.4
1185.6

1 185-7

1185.9
1186.1

1186.3

1186.5

1186.7

1186.9

1187.1

1187.2

1187.4
1187.6

1187.8

ii8f
1188.1

1188.3

1188.5

1188
1188
ii8g.o

1189.2

1189.4

1189.5

1189.7

1 189.9
H90.0
1190.2

1190.4

1190.5

1190.7

1190.9

1191.0

Smithsonian Tables.
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26o Table 292.

RATIO OF THE ELECTROSTATIC TO THE ELECTROMAGNETIC UNIT OF
ELECTRICITY = r.

Date.



Table 293. 261
ABSOLUTE MEASUREMENTS OF CURRENTS AND OF THE ELECTRO-

MOTIVE FORCE OF STANDARD CELLS.

Date.



262 Table 294.

COMPOSITION AND ELECTROMOTIVE FORCE OF VOLTAIC CELLS.

The electromotive forces given in this table approximately represent what may be expected from a cell in good work-
ing order, but with the exception of tJde standard cells all of them are subject to considerable variation.

(a) Double Fluid Cells.

Name of

cell.
Negative pole. Solution.

Positive

pole.
Solution.

W.S

Bunsen

.

Chromate .

Daniell*

Grove

Marie Davy

Partz .

Amalgamated zinc
( I part H2SO4 to i

( 12 parts H2O .

)

i2partsK2Cr207'l
to 25 parts of 1

H2SO4 and 100
[

parts H2O '.

J

( I part H2SO4 to I

( 12 parts H2O . (

j I part H2SO4 to )

\ 4 parts H2O .

)

( I part H2SO4 to I

I 12 parts H2O .

)

5% solution of 1

ZnS04+ 6H20(

Carbon

Copper

Fuming H2NOa

HNO3, density 1.38

( I part H2SO4 to )

( 12 parts H2O . 5

(12 parts K2Cr207 )

( to 100 parts H2O J

( Saturated solution

\ ofE CUSO4+SH2Si

I

( I part NaCl to I

( 4 parts H2O .
)

( I part H2SO4 to 1

( 12 parts H2O .
)

Solution of ZnS04

( H2SO4 solution,

)

j density 1.136 .

)

{H2SO4 solution, I

density 1.136 . (

{H2SO4 solution, 1

density 1.06 . J

!

( H2SO4 solution, 1

( density 1.06 . J

NaCl solution . .

;04 to 1

H2O \

Solution of MgS04

H2SO4 solution, 1

density 1.14 . J

( I part H2SO4 to

( 12 parts

Platinum

Carbon

Fuming HNOa . .

HNO3, density 1.33

Concentrated HNO3

HNOa, density 1.33

HNOa, density 1.19

" density 1.33

i Paste of protosul-
} phate of mercury
( and water . . .

Solution of K2Cr207

1.94

1.86

2.00

2.03

1.06

1.09

1.08

1.0S

1-93

1.66

"•93

1.79

1.71

1.66

1.61

1.88

1.50

2.06

* The Minotto or Sawdust, the Mei
and hence have about the same electromo^ve'force.

Smithsonian Tables.

idin^er, the Callaud, and the Lockwood cells are modifications of the Daniell,



Table 29* {coniiHutd). 26

X

COMPOSITION AND ELECTROMOTIVE FORCE OF VOLTAIC CELLS.

Name of cell. Negative
pole. Solution. Positive pole.

(b) Single Fluid Cells.

Leclanche . . .

Chaperon . . .

Edison-Lelande .

Chloride of silver

Law

Dry cell (Gassner)

PoggendorfE . .

J. Regnault

.

Volta couple

Amal.zinc

Zinc . .

Amal.zinc

Zinc .

{Solution of sal-ammo-
i

niac I

( Solution of caustic
i

{ potash I

23 % solution of sal-

ammoniac . . . .

15 %
ipt.ZnO, iptNHiCl,
3 pts. plaster of paris,

2 pts. ZnCl2,and water
to make a paste . .

Solution of chromate
of potash . . . .

12 parts K2Cr207 -f-

25 parts H2SO4 4-
100 parts H2O

I part H2SO4 +
12 parts H2O -\-

I part CaS04
H2O . . .

:\

I

Carbon. Depolari-
zer : manganese
peroxide with
powdered carbon

3 Copper. Depolar.
j izer : CuO . .

( Silver. Depolari-

( zer : silver chl'ride

Carbon ,

Cadmium

Copper .

(g) Standard Cells.

E. M. F.
in volts.

1.46

0.98

0.70

1.02

»-37

1-3

1.08

2.01

0-34

0.98

Weston normal

Clark standard

(Cadmi'ml

I am'lgam)

( Zinc (

1 am'lgamj

Saturated solution of

CdSOi

Saturated solution of

ZnS04

Mercury.
Depolarizer: paste
of Hg2S04 and
CdS04 . . . .

Mercury.
Depolarizer: paste

of Hg2S04 and
ZnS04 . . . .

1.0183*

at 20° C

I-434
at 15°

C

(d) Secondary Cells.

Lead accumulator

Regnier (i) . . .

(2). . .

Main

Edison . .

Lead

Copper .

Amal. zinc

Amal. zinc

Iron . .

( H2SO4 solution of 1

I
density i.i ... J

CUSO4 -I- H2SO4 . .

ZnS04 solution . . .

H2SO4 density ab't i.i

KOH 20 % solution .

PbOa.

" inH2S04

A nickel oxide

2.2t

( 1.68 to

} 0.85, av-

(erage 1.3.

2.36

2.50

( 1.1, mean
} of full

( discharge.

- * E. M. F. hitherto used at Bureau of Standards. See
/fi_2Q\_«Q.QOOQQoge ^t— -^f^^2 J-o n^TrtoonOT (t—2oV. tXhe
Electncal Congress

'

•to used at Bureau of Standards. See p. zji. The tempeiature formula is Ei= £25—0.0000406

5 (t—20)2-1-0.00000001 (t—20)8. tThe value given is that adopted by the Chicago International

in 1893. The temperatureformulaisE(=iEj|i— o.ooii9(t— IS) — 0.000007 (t— 15)2.

.... .1 • !-__ -**!._ i * :-*: dE „» j:tf»„„» .»„„», „f „!.„„-

.

t F. Streintz gives the following value of the temperature variation _ at different stages of charge

:

E. M. F.
dE/dtXio«

1.9223

140

1.9828
228

2.0031

335

dt
3.0084

28s

1.0105

"55
1.0779
130

2,2070

73

Dolezalek gives the following relation between E. M. F. and acid concentration

:

Per cent HjSOi 64.S 522 35-3 "A S-»

E.M.F., o°C 2.37 2.25 2.10 2.00 1.89

Smithsonian Tables.



264 Table 295.

CONTACT DIFFERENCE OF

Solids wltb Llgnlds anil

Temperature o£ substances

U

Distilled water .

Alum solution : saturated I

at i6°.s C J

Copper sulphate solution : 1

sp. gr. 1.087 at i6°.6 C. )

Copper sulphate solution : I

saturated at 15° C. . . )

Sea salt solution : sp. gr. I

i.tS at 20°.s C. . . . 1

Sal-ammoniac solution : i

saturated at I5°.5 C. . )

Zinc sulphate solution : sp. I

gr. 1. 125 at i6°.9 C. . . j

Zinc sulphate solution :

'

saturated at I5°.3 C.
One part distilled water +
3 parts saturated zinc

sulphate solution . . .

Strong sulphuric acid in

distilled water

:

I to 20 by weight . . .

I to 10 by volume . . .

I to 5 by weight ....
5 to I by weight ....

Concentrated sulphuric acid

Concentrated nitric acid
Mercurous sulphate paste .

Distilled water containing 1

trace of sulphuric acid )

269
to

100

127

103

.070

475

396

.148

-•653

-.605

-.652

.171

—•139

—.189

.28s,
to

345

'

.246

-.856

•059

•177

.225

—•334

—•364

about

—•035 (

-.105
to

+.156

—536

—565

— 637

-.238

—•430

—•444

—.344

—.25

1.113
.72

to

1.252

—.241

Everett's " Units and Physical Constants: " Table of

Smithsonian Tables.
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POTENTIAL IN VOLTS.

Llanlda with LliiiilAs In Air.*

during experiment about i6° C.



266 Table 296.

CONTACT DIFFERENCE OF POTENTIAL IN VOLTS.

SoUdB wltli Solids In All.*

The following results are the " Volta differences of potential," as measured by an electrometer.

They represent the difference of the potentials of the air near each of two metals placed in con-

tact. This should not be confused with the junction electromotive force at the junction of two

metals in metallic contact, which has a definite value, proportional to the coefficient of Peltier

effect. The Volta difference of potential has been found to vary with the condition of the me-

tallic surfaces and with the nature of the surrounding gas. No great reliance, therefore, can be

placed on the tabulated values.

The temperature of the substances during the experiment was about i8° C.



Table 297. 267

DIFFERENCE OF POTENTIAL BETWEEN METALS IN SOLUTIONS OF
SALTS.

The following numbers are given by G. Magnanini* for the difference of potential in hundredths of a volt between
zinc in a normal solution of sulphuric acid and the metals named at the head of the different columns when placed
m the solution named in the first column. The solutions were contained in a U-tube, and the sign of the difier-

ence of potential is such that the current will flow from the more positive to the less positive through the ex-
ternal circuit.

Strength of the solution in



268 Table 298.

THERMOELECTRIC POWER.
The thermoelectric power of a circuit of two metals is the electromotive force produced by one

degree C. difference of temperature between the junctions. The thermoelectric power varies with

the temperature, thus : thermoelectric power= Q= dE /clt=A + Bt, where A is the thermoelec-

tric power at o° C, 5 is a constant, and / is the mean temperature of the junctions. The neutral

point is the temperature at which dE/dt= o, and its value is— A /B. When a current is caused

to flow in a circuit of two metals origmally at a uniform temperature, heat is liberated at one of

the junctions and absorbed at the other. The rate of production or liberation of heat at each

junction, or Peltier effect, is given in calories per second, by multiplying the current by the co-

efficient of the Peltier effect. This coefficient in calories per coulomb= QT/J, in which Q is in

volts, Tis the absolute temperature of the junction, and y=4-i9- Heat is also liberated or ab-

sorbed in each of the metals as the current flows through portions of varying temperature. The
rate of production or liberation of heat in each metal, or the Thomson effect, is given in calories

per second by multiplying the current by the coefficient of the Thomson effect. This coefficient,

in calories per coa\omh,^BTS/y, in which B is in volts per degree C, 7" is the mean absolute

temperature of the junctions, and 9 is the difference of temperature of the junctions. (B T) is Sir

W. Thomson's " Specific Heat of electricity." The algebraic signs are so chosen m the following

table that when ^4 is positive, the current flows in the metal considered from the cold junction to

the hot. When B is positive, Q increases (algebraically) with the temperature. The values of

A, B, and thermoelectric power, in the following table are with respect to lead as the other metal

of the thermoelectric circuit. The thermoelectric power of a couple composed of two metals, i

and 2, is given by subtracting the value for 3 from that for i ; when this difference is positive, the

current flows from the cold junction to the hot in i. In the following table, A is given in micro-

volts, B in microvolts per degree C, and the neutral point in degrees C.

The table has been compiled from the results of Becquerel, Matthiessen and Tait ; in reducing
the results, the electromotive force of the Grove and Daniell cells has been taken as 1.95 and
1.07 volts. The value for constantin was reduced from results given in Landolt-Bornstein's
tables. The thermoelectric powers of antimony and bismuth alloys are given by Becquerel in the

reference given below.

Substance.
A

Microvolts,
B

Microvolts.

ThernAoelectric power
at mean temp, of

junctions (microvolts).

20° C. 50° C.

Neutral
point
_A,

Author-
ity.

Aluminum
Antimony, comm'l pressed wire

"
axial

"
equatorial . . . .

" ordinary . . . .

Argentan

Arsenic
Bismuth, comm'l pressed wire .

" pure " "
.

"
crystal, axial....

" " equatorial . .

" commercial . . . .

Cadmium
" fused

Cobalt
Constantin
Copper

" commercial . . . .

" galvanoplastic ....
Gold

Iron
" pianoforte wire ....
" commercial
ti It

Lead
Magnesium
Mercury

(t

Nickel
" (—18° to 175") . . . .

" (25o°-3oo°)
" (above 340=)

0.76

11.94

5.0039

0.0506

-2.63

[•34

—2.80
—17.15

21.8

83-57

3-04

0.0424

3.0094

—O.OIOI

0.0482

0.0000

0.0094

0.0506—0.2384
0.0506

0.68—6.0—22.6—26.4—17.0

12^95

13-56

97.0
89.0

65.0

45-0

—3-48

22.

—1.52
—O.IO

-3-8—1.2

—16.2

—17-5

0.00—2.03

0-413

22.8

0.56

14.47
12.7

39-9
—4-75
—2.45

—3-3°
—14.74

—12.10

—9.10

0.00—I.7S

3-3°
15-5°

24-33

195

—236

—62

-143

[—277]
356

236

-431]

T
M

B
T
B
M

B
T
B
M
T
M

M
B

T
M
B

Smithsonian Tables.



Tables 298 (':'>"'»<h«'0-299.- THERMOELECTRIC POWER. 269
TABLE 298.— Thermoeleoblo Power (contiuued).

Substance*

Palladium

Phosphorus (red) . . .

Platinum
" (hardened) . .

"
(malleable) . .

" wire ....
" another specimen

Platinum-iridium alloys

:

8s%Pt+i5%Ir . .

90%Pt+I0%Ir . .

9S%Pt+S%Ir . .

Selenium
Silver

" (pure hard) . . .

" wire
Steel

Tellurium
II

Tellurium ;3

a
Tin (commercial) . . .

II

11

Zinc
" pure pressed . . .

A
Microvolts.

6.18

0.00

—7.90
—5-9°—6.1S

—2.12

—11.27

0-43
—2.32

B
Microvolts.

0-03S5

0.0074
0.0109

—0.0062

0.0133
—0.0055

—0.0147

0.0325

0.0055
0.0238

Thermoelectric power
at mean lemp- of

junctions (microvolts).

20° C.

6.9

—29.9
—0.9—2.42
8.82

—8.

-807.
— 2.

— 10,

—502.

—500.
—160.

o,—2.

—3'

50° c.

7.96

6.9

—2.20

I-IS

—0.94
2.14

—8.21
—5-23—6.42

2.1»

—9.65

—429-3

—0-33

0.16

—3-5'

Neutral
point
_A
B'

—174

347
—55

[—1274]
444

[-1U8]

—144

347

78
-98

Author-
ity.

T
B
M

M
T
M
B
T
M
B
H
H
U

M
T

M

B Ed. Becquerel, " Ann. de Chim. et de Phys." [4] vol. 8.

M Matthiesen, " Pogg. Ann." vol. 103, reduced by Fleming Jenkin.

T Tait, "Trans. R. S. E." vol. 27, reduced by Mascart.

B Haken, Ann. der Phys. 32, p. 291, 1910. (Electrical conductivity of Tej8^ 0.04, Teo 1.7

e. m. units.)

TABIiIi 299.— TbenaoelectilG Power ol Alloys.

The thermoelectric powers of a number of alloys are given in this table, the authority being Ed. Becquerel, They are

relative to lead, and for a mean temperature of 50° C. In reducing the results from copper as,a reference metal,

the thermoelectric power of lead to copper was taken as— i.g.

Substance.

Antimony
Cadmium
Antimony
Cadmium
Zinc

Antimony
Cadmium
Bismuth

Antimony
Zinc

Antimony
Zinc
Bismuth

Antimony
Cadmium
Lead
Zinc

Antimony
Cadmium
Zinc
Tin

PI

227

146

137

95

8.1

76

46

Substance.

Antimony
Zinc
Tin

Antimony
Cadmium
Zinc

Antimony
Tellurium

Antimony
Bismuth

Antimony
Iron

Antimony
Magnesium

Antimony
Lead

Bismuth

Bismuth
Antimony

o i

43

35

2.5

1.4

—0.4

-43-8

-334

Substance.

Bismuth
Antimony

Bismuth
Antimony

Bismuth
Antimony

Bismuth
Antimony

Bismuth
Tin

Bismuth
Selenium

Bismuth
Zinc

Bismuth
Arsenic

Bismuth
Bismuth sulphide

«&

s * s
ii-s
11 ij u
§'B'e

-51.4

—63.2

—68.2

—66.9

60

—24.5

—31-1

—46.0

68.1



270 Tables 300, 301 •

TABLE 300.— Theimoelectrlo Fover against PUtlnnm.

One junction is supposed to be at o°C; + indicates that the current flows from the 0° junction

into the platinum. The rhodium and iridium were rolled, the other metals drawn.*

Tempera-
ture, OC.
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TABLE 302. - FelUer EHeot.

271

The coefficient of Peltier effect may be calculated from the constants A and B of Table 298,
as there shown. Experimental results, expressed in slightly different units, are here given. The
figures are for the heat production at a junction of copper and the metal named, in calories per
ampere-hour. The current flowing from copper to the metal named, a positive sign indicates,
a warming of the junction. The temperature not being stated by either author, and Le Roux not
giving the algebraic signs, these results are not of great value.

Calories per ampere-hour.



2 72 Table 305.

VARIOUS DETERMINATIONS OF THE VALUE OF THE OHM.



Table 306. 273

SPECIFIC RESISTANCE OF METALLIC WIRES.

This table is modified from the table compiled by Jenkin (1S62) from Matthiessen's results by taking the resistance of
silver, gold, and copper Ironi the obsenred metre gramme value and assuming the densities found by Matthiessen,
namely, 10.468, 19.265, and 8.95.

Substance.



274 Table 307.

SPECIFIC RESISTANCE OF METALS.
The resistance is here given as the resistance in microhms per cm. cube when the specific re-

sistance of mercury at o° is taken as 94.1 microhms.

Substance.



Table 307 (continued).

SPECIFIC RESISTANCE OF METALS.
275

The resistance is here given as the resistance in microhms per cm. cube when the specific

resistance of mercury at 0° C is taken as 94.1 microhms.

Substance.



276 Tables 307, 308.

SPECIFIC RESISTANCE OF METALS.
TABLE 307 (.concluded).

The resistance is here given as the resistance in microhms per cm. cube when the specific

resistance of mercury at 0° C. is taken as 94.1 microhms.

Substance.



Table 309. 277

CONDUCTIVITY OF THREE-METAL AND MISCELLANEOUS ALLOYS.

Conductivity tn mhos or
ohms per cm. cube

-Cf^C^{i-at-^bfi).

Metals and alloys. Composition by weight.
c„

iXi

Gold-copper-silver . .

it (( ((

tt t( u

Nickel-copper-zinc . .

Brass
" hard drawn . .

" annealed . . .

German silver . . .

Aluminum bronze . . .

Phosphor bronze . . .

SUicium bronze . . . .

Manganese-copper . . .

Nickel-manganese-copper

Nickelin .

Patent nickel

Rheotan

Copper-manganese-iron

Manganin .

Constantan

58.3 Au -t- 26.5 Cu + 15.2 Ag
06.5 Au -\- 15.4 Cu -j- 18.1 Ag
7.4 Au-I- 78.3 Cu-I- 14.3 Ag

( 12.84 Ni -f 30.59 Cu +
( 6.57 Zn by volume . .

Various
70.2 Cu -)- 29.8 Zn . . .

Various
60.16 Cu + 25.37 Zn-f

j

1 4.03 Ni -)- .30 Fe with trace
j

of cobalt and manganese .

'

30 Mn + 70 Cu

3 Ni + 24 Mn -|- 73 Cu . .

r 18.46 Ni + 61.63 Cu +
} 19.67 Zn-j- 0.24 Fe-f
f o.i9Co-(-o-i8Mn . . .

f 25.1 Ni+ 7441 Cu-I-
l 0.42 Fe + 0.23 Zn +
(0.13 Mn + trace of cobalt

( 53.28 Cu -f 25.31 Ni +
} 16.89 Zn -1-4.46 Fe-f-

( 0.37 Mn

9iCu-|-7.iMn-|- i.9Fe .

70.6 Cu -{ 23.2 Mn -\- 6.2 Fe
69.7 Cu + 29.9 Ni -|- 0.3 Fe

84CU-I- i2Mn-f 4Ni. .

6oCu-j-4oNi

If
6.83
28.06

4.92

12.2-15.6

12.16

14-35

3-S

3-33

7.5-8.5

10-20

41

1.00

2.10

3.01

2.92

1.90

4.98
1.30

2.60

2-3

2.04

574
529
1830

444

1-2 X 10'

360

5-7 X io2

40

—30

300

190

410

120
22

120

6
8

924

7280

51

1 Matthiessen.
2 Various.

8 W. Siemens.
* Feussner and Lindeck.

^ Van der Ven.
8 Blood.

8 Feu.ssner.
' Jaeger-Diesselhorst.

Smithsonian Tables.



278 Table 310.

CONDUCTING POWER OF ALLOYS.
This table shows the conducting power of alloys and the variation of the conducting power with temperature.* The

values of Cg were obtained from the original results by assuming silver := „ mhos. The conductivity is taken

as C(= Cp (i

—

af-\-bt^\ and the range of temperature was from o° to vxfl C.

The table is arranged in three groups to show (i) that certain metals when melted together produce a solution

which has a conductivity equal to the mean of the conductivities of the components, (2) the behavior ot those

metals alloyed with others, and (3) the behavior of the other metals alloyed together.

It is pointed out that, with a few exceptions, the percentage variation between o*^ and 100° can be calculated trom the

formula P=.P^ — where/ is the observed and /' the calculated conducting power of the mixture at 100° C,

and Pc is the calculated mean variation of the metals mixed.

Alloys.

Weight% Vo lume%

of first named.

iXio« «Xio»

Variation per 100° C.

Observed. Calculated.

Group i.

SncPb
SniCd
SnZn
PbSn
ZnCda
SnCd4
CdPbs

77.04
82.41

78.06

64.13

24.76

23.05

7-37

83.96
83.10

77-71

5341
26.06

2350
10.57

7-57
9.18

10.56

6.40

16.16

'367
5.78

3890
4080
3880
3780
3780
3850
3500

8670
1 1870
8720
8420
8000

9410
7270

30.18
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Group 3.

Alloys.

Weight% Volume
Co

of first named.

5X
Variation per 100° C.

Observed. Calculated,

Gold-copper t
" " t

Gold-silver t •

" It *
^

U it 4-

** " *
^

" t '.

Gold-copper t
" t

Platinum-silver t
tl <( 4-.

(( (( 4-

Palladium-silver t

Copper-silver t
" t
•• t
" t
" t
" t

Iron-gold t .

" ** t .

" " t •

Iron-copper t • •

Phosphorus-copper t
" t

Arsenic-copper t •

" t .

99-23

90.SS

87.95

87-95
64.80

64.80

31-33

31-33

34-83
1.52

33-33
9.81

5.00

25.00

98.08

94.40

76.74

42.7s
7.14
I -31

13-59
9.80

4.76

0.40

2.50

0.9s

5.40
2.80

trace

98.36
81.66

79-86

79-86
52.08
52.08--

19.86

19.86

19.17

0.71

19.65

5-°5

2.51

23.28

98.35

95-17

77.64
46.67

8.25

1-53

27-93
21.18

10.96

0.46

35-42
10.16

13:46
13.61

9.48

9.51

13.69
13-73"

12.94

53-02

4.22

11.38

19.96

5-38

56-49

51-93
44.06

47-29
50.65

50.30

1.26

1.46

24.51

4.62

14.91

3-97
8.12

38-52

2650

749

1090
1 140

673
721

885
908

864
3320

33°
774
1240

324

345°
3250-

3030
2870

2750
4120

349°
2970
487

155°

476
1320

736
2640

4650
81

793
1160

246

495

641

57°
7300

208
•656
1 150

154

799°
6940
6070
5280
4360
8740

7010
1220

103

2ogo

1640

446

21.87

7.41

10.09
10.21

6.49
6.71

8.23

8.44

8.07

25.90

3.10

7.08

11.29

3-40

26.50

25-57
24.29

22.75

23-17

26.51

27.92

17-55

3-84

13-44

23.22

7-53

9-65

9-59
6.58

6.42

8.62

8.3:

8.18

25.86

3.21

7.25
11.88

4.21

27.30
25.41

21.92

24.00

25-57

29.77

14.70
11.20

13.40

14.03

* Annealed: t Hard-drawn.

TABLE 3X1.— Allowable Cairylng Capacity ol Hulifier-ooverea Copper Wires.

(For inside wiring— Nat. Board Fire Underwriters' Rules.)

B-l-S Gage



28o Table 312.

RESISTANCE OF METALS AND

The electrical resistance of some pure metals and of some alloys have been determined by Dewar and Fleming and

increases as the temperature is lowered. The resistance seems to approach zero for the pure metals, but not for

temperature tried. The following table gives the results of Dewar and Fleming.*

When the temperature is raised above o° C. the coefficient decreases for the pure metals, as is shown by the experi-

experiments to be approximately true, namely, that the resistance of any pure metal is proportional to its absolute

is greater the lower the temperature, because the total resistance is smaller. This rule, however, does not even

zero Centigrade, as is shown in the tables of resistance of alloys. (Cf. Table 262.)

Temperature = — 80°

Metal or alloy. Specific resistance in c. g. s. units.

Aluminium, pure hard-drawn wire .

Copper, pure electrolytic and annealed .

Gold, soft wire

Iron, pure soft wire ....
Nickel, pure (prepared by Mond's process )

from compound of nickel and carbon \
monoxide) )

Platinum, annealed

Silver, pure wire

Tin, pure wire

German silver, commercial wire

Palladium-silver, 20 Pd + 80 Ag

Phosphor-bronze, commercial wire

Platinoid, Martino's platinoid with i to 2% 1

tungsten 1

Platinum-iridium, 80 Pt + 20 Ir

Platinum-rhodium, 90 Pt -|- 10 Rh .

Platinum-silver, 66.7 Ag + 33.3 Pt

.

Carbon, from Edison-Swan incandescent

)

lamp (

Carbon, from Edison-Swan incandescent

)

lamp
j

Carbon, adamantine, from Woodhouse and )

Rawson incandescent lamp
)

474S

1920

2665

i3970t

19300

10907

2139

13867

35720

15410

9071

44590

31848

18417

27404

3834X108

6168X108

3505

1457

2081

9521

13494

8752

1647

10473

34707

14984

43823

29902

14586

26915

4046X108

3908X108

6300X108

3161

1349

1948

8613

12266

8221

1559

9S7S

34524

14961

8479

43601

29374

1375s

26818

4092X108

3955X108

6363X108

1400

7470

6133

1 138

66S1

33664

14482

8054

43022

27504

10778

2631

1

4189X108

4054X108

6495X108

• " Phil. Mag." vol. 34, 1892.

t This is given by Dewar and Fleming as ,3777 for 96O.4, which appears from the other measurements too high
Smithsonian Tables.



Table 31 2 {contimui).

ALLOYS AT LOW TEMPERATURES.

281

by Cailletet and Bouty at very low temperatures. The results show that the coefficient of change with temperature

the alloys. The resistance of carbon was found by Dewar and Fleming to increase continuously to the lowest

ments or Miiller, Benoit^ and others. Probably the simplest rule is that suggested by Clausius, and shown by these

temperature. This gives the actual change of resistance per degree, a constant ; and hence the percentage of change

approximately hold for alloys, some of which have a negative temperature coefBcient at temperatures not far from

Temperature =

Metal or alloy.

— 182°

Specific resistance in c. g. a. units.

Mean value of

temperature co-

efficient between
— 100° and
+ 100° C*

Aluminum, pure hard-drawn wire .

Copper, pure electrolytic and annealed .

Gold, soft wire

Iron, pure soft wire ....
Nickel, pure (prepared by Mond's process

from compound of nickel and carbon
monoxide)

Platinum, annealed

Silver, pure wire

Tin, pure wire....
German silver, commercial wire

Palladium-silver, 20 Pd+ 80 Ag

Phosphor-bronze, commercial wire

Platinoid, Martino's platinoid with i to 2% )

tungsten )

Platinum-indium, 80 Pt+ 20 Ir

Platinum-rhodium, 90 Pt+ 10 Rh .

Platinum-silver, 66.7 Ag -f 33.3 Pt

.

Carbon, from Edison-Swan incandescent 1

lamp '

Carbon, from Edison-Swan incandescent

)

lamp •

Carbon, adamantine, from Woodhouse and I

Rawson incandescent lamp S

1928



282 Tables 313,314.

TABLE 313.— VarlaUon ol Elootrloal Rosl8taiioa oi Glass and Porcelain wltli Temperatnre.

The following table gives the values of a, i, and c in the equation

log R = a + it + cfi,

where K is the specific resistance expressed in ohms, that is, the resistance in ohms per centimeter of a rod one

square centimeter in cross section.*
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TABULAR COMPARISON OF WIRE GAGES.
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284 Tables 316-322.

WIRE TABLES.

TABLE 316. — Intiodnctlon. Mass asA Volume ReslsUvltT ot Oopper and Alinnlnnm.

The following wire tables are abridged from those prepared by the Bureau of Standards at the

request and with the cooperation of the Standards Committee of the American Institute of Elec-

trical Engineers (Circular No. 31 of the Bureau of Standards). The standard of copper resist-

ance used is " The International Annealed Copper Standard " as adopted Sept. 5, 1913, by the

International Electrotechnical Commission and takes the Resistivity at 20° C. of an annealed copper

wire one meter long weighing one gram as equal to 0.15328 ohm. This standard corresponds to

a conductivity of 58. X lo-^ cgs. units, and a density of 8.89, at 20° C.

In the various units of mass and volume resistivity this may be stated as

0.15328 ohm (meter, gram) at 20° C.

875.20 ohms (mile, pound) at 20° C.

1.7241 microhm-cm. at 20° C.

0.67879 microhm-inch at 20° C.

10.371 ohms (mil, foot) at 20° C.

The temperature coefficient for this particular resistivity is 330= 0.00393 or 30= 0.00427.

However, the temperature coefficient is proportional to the conductivity, and hence the change of

resistivity per degree C. is a constant, 0.000597 ohm (meter, gram). The " constant mass " tem-

perature coefficient of any sample is

0.000597 -|- 0.000005
' resistivity in ohms (meter, gram) at t° C

'

The density is 8.89 grams per cubic centimeter at 20° C, which is equivalent to 0.3212 pounds
per cubic inch.

The values in the tables are for annealed copper of standard resistivity. The user of the

tables must apply the proper correction for copper of other resistivity. Hard-drawn copper
may be taken as about 2.7 per cent higher resistivity than annealed copper.
The aluminum tables are based on a figure for the conductivity published by the U. S. Bureau

of Standards, which is the result of many thousands of determinations by the Aluminum Company
of America. A volume resistivity of 2.828 michrom-cm., and a density of 2.70 may be con-
sidered to be good average values for commercial hard-drawn aluminum. These values give

:

Mass resistivity, in ohms (meter, gram) at 20° C ao764
" " (mile, pound) at 20° C 436.

Mass per cent conductivity 200.7%
Volume resistivity, in michrom-cm. at 20° C 2.828

" "
in microhm-inch at 20° C 1.113

Volume per cent conductivity 61.0%
Density, in grams per cubic centimeter 2.70
Density, in pounds per cubic inch 0.0975

Smithsonian Tables.



Tables 317,318. ' 285
WIRE TABLES.

TABLE 317.— Temporatnro Ooelllolents ol Oopper Jor DlHerant InlUal Temperatnres (Oentlgiade)
and DUieient OonauGtlvltles.

Ohms
(meter, gram)

at 20° C.



286 Table 319.

WIRE TABLE, STANDARD ANNEALED COPPER.
American Wlis Qage (B. & S.)- Engllsli Units.

English.

Gage
No.

0000
ooo
00

o
I

2

3
4

S

6

7

21

22

23

24

26

27
28

29

30
31

32

33
34
3S

36

37

39
40

Diameter
in Mils,

at 20° C.

460.0

409.6
364.8

324-9

289,3
257.6

229.4

204.3

181.9

162.0

144.3
128.5

1 14.4

101.9

90.74

80.81

71.96
64.08

57.07
50.82

45.26

40,30

35-89

31-96

28.45

25-35
22.57

20.10

17.90

15-94

14.ZO

12.64

11.26

10.03

8.928

7.950

7.080

6.305

5.615

5.000

4-453

3-965

3531
3-145

Cross-Section at 20° C.

Circular Mils. Square Inches.

211 600.

167 800.

133 100.

105 500.

83690.
66370.

52 640.

41 740.

33100.

26250.
20 820.

16 510.

13090.
10 380.

8234.

6530.

5'78.

4107.

3257-

2583-
2048.

1624.

1288.

810.1

642.4

509-5

404.0

320.4

254.1

201.5

159.8

126.7

100.5

79.70
63.21

50.13

39-75
31-52

25.00

19.83

15.72

12.47

9.888

Ohms per 1000 Feet.*

o" C 200 C 50° C
(= 32° F) (=68° F) (=1220 F)

0.1662

.1318

.1045

.08289
•065 73
.052 13

.041 34

.032 78

.02600

.020 62

.016 35

.012 97

.010 28

.008 155

.006 467

.005 129

.004 067

.003 225

.002 558

.002 028

.001 609

.001 276

.001 012

.000 802 3

.000 636 3

.000 504 6

.0004002

.000 317 3

.000251 7

.000 199 6

.0001583

.000 125 5

.00009953

.000 078 94

.000 062 60

.000 049 64

.000 039 37

.000 031 22

.000 024 76

.00001964

.00001557

.000 012 35

.000 009 793
,000 007 766

0.045 '6

05695
.071 81

.09055

.1142

.1440

.1816

.2289

.2887

.3640

.4590

.5788

.7299

.9203
1. 161

1.463

1.845

2.327

2.934
3.700
4.666

5.883

7.418

9-355

11.80

14.87

18.76

23.65
29.82

37-61

47.42

59.80

75-40

95.08
H9.9
151.2

190.6

240.4

303-1

382.2

482.0

607.8

766.4

966.5

0.049 01

.06180

-077 93

.09827

.1239

•1563

.1970

•2485

•3133

-3951

.4982

.6282

.7921

.9989
1.260

1.588

2.003

2-525

3.184
4.016

5.064

6.38s
8.051

10.15

12.80

16.14

20.36

25-67

32.37
40.81

51-47

64.90
81.83

103.2

130.1

164.

1

206.9

260.9

329.0

414.8

659.6

831.8

1049.

0.054 79
.06909
.087 12

.1099

•1385

•1747

.2778

-3502

.4416

-5569
.7023

.8855
1.117

1.408

I-77S

2.239
2.823

3.560

4.489
5.660

7-138
g.ooi

"-35

14-31

18.05

22.76

28.70

36.18

45-63

57-53

72-55
91.48

"5-4
145-5

183.4

231-3
291.7

367.8

463-7
584.8

737-4

929.8

"73-

75° C
(= 1670 F)

0.059 61

.075 16

.09478

•"95
-1507

.1900

•2396
.3022

.3810

.4805

•6059

.7640

•9633
1.215

I -532

1-931

2.436

3-071

3|73
4.884

6.158

7.765

9.792
12-35

15-57

19.63

24.76

31.22

39-36

49.64

62.59

78.93

99.52

125.5
158.2

199-S

251.6

317-3
400.1

504.5
636.2
802.2

1012.

1276.

* Resistance at the stated temperatures of a wire whose length is 1000 feet at 20° C.
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English. Table 319 {cimtmued). '287

V/IRE TABLE, STANDARD ANNEALED COPPER (cMtimed).

American Wlie Qage (B. & S.). EngUsb Units {continued). ^

Gage
No.



288 Table 31 9 {continued).

WtRE TABLE, STANDARD ANNEALED COPPER (»»''V<»"0-

American Wire Oage (B. t S.). English Units (amtinuid).

English.

Gage
No.

CX)CX5

000
00

o
I

2

3
4
s

6

7

lO
II

12

13

14

\l

17

i8

19

21

23

23

24

26

27
28

29

30

32

33
34

35

36
37
38

39
40

Diameter
in Mils

at
20° C.

460.0

409.6

364.8

3^4-9

289.3

257.6

229.4

204.3

181.9

162.0

144-3
128.5

1 14.4
101 .9

90.74

80.81

71.96
64.08

57.07
50.82

45.26

40.30

35-89

31.96

28.46

25-35

22-57

20. 10

17-90

15-94

14.20

12.64

11.26

10.03

8.928

7.95°

7.080

6.305

5.61

5

5.000

4.453
3-965

3.531

3-145

Ohms per Found.

o°C.
(= 32° F.)

0.000 070 51

.000 II2I

.000 1783

.000 2835

.000 4507

.000 7166

.001 140

.001 812

.002881

.004 581

.007 284

.Oil 58

.018 42

.029 28

.046 56

.074 04

.1177

.1872

.2976

.4733

•7525

I.I97

1.903

3.025

4.810

7.649
12.16

19.34

48.89

77.74
123.6

196.6

312.S
497.0
790.2

1256.

1998.

3177.

5051.

8032.

12 770.

20 310,

32 290.

»°c.
(= 68° F.)

0.000 076 52
joco 1217
.000 1935

.000 3076

.000 4891

.000 7778

.001 237

.001 966

.003 127

.004 972

.007 905

.012 57

.01999

.031 78

.05° S3

.08035

.1278

.2032

.3230

.5136

.8167

1.299

2.065

3-283

5.221

8.301

13.20

20.99

33.37
53.06

84.37
134.2

213.3

339-2

539.3
857.6

1364.
2168.

3448.

5482.
S717.

13860.

32 040.

35 040.

50° c.
(=.22° F.)

0.000 085 54
.000 1360
.000 2163

.000 3439

.000 5468

.000 8695

.001 383

.002 198

.003 495

.005 558

.008838

.014 05

.022 34

.03s 53

.056 49

.08983

.1428

.2271

•361

1

.5742

.9130

Pounds per Ohm.

20° C.
(= 68°r.)

1.452

2.308

3.670

5.836

9.280

14.76

23.46

37.31

59.32

94.32
150.0

238.5

379.2
602.9

958.7

1524.

2424.

3854.

6128.

9744-
15490.

24 640.

39 170.

13 070.

8219.

5169.

3251.

2044.
1286.

808.6

508.S
319.8

201.

1

126.5

79.55

50.03

31.47

19.79

12.45

7.827

4.922

3.096

1.947
1.224

0.7700

.4843

.3046

.1915

.1205

.075 76

.047 65

.029 97

.018 85

.011 85

.007 454

.004688

.002 948

.001 854

.ooi 166

•000 7333
.000 4612
.000 2901

.000 1824

.000 1 147

.000 072 15

.000 045 38

.000 028 54
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Metric. Table 320.

WIRE TABLE, STANDARD ANNEALED COPPER.
Ameiloon Wire Dage (B. & S.) Hetrlo Units.

289

TResistance at the stated temperatures of a wire whose length is . kilometer at ao- C.
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29Q Table 320 (amtinueilj.

WIRE TABLE, STANDARD ANNEALED COPPER {continmd).

American Wlie Sage (B. ft S.) Metric Units (cmtitmed).

Metric.

Meters per Ohm.'*

Gage
No.

OOOO
000
00

o
1

2

6

7
3

9
10
II

12

13

H

17

18

19

21

22

23

24

26

27
28

29

30
3>

32

33
34
35

36

3Z
38

39
40

Diameter
in inm.
at 20° C.

11.68

10.40

9.266

8.252

7-348

6-544

5-827

5.189
4.621

4.115

3.665

3.264

2.906

2.588

2.305

2.053
1.828

1.628

1.450
1.291
1.150

1.024

0.91 16

.8118

.7230

.6438

•5733

.5106

-4547

.4049

.3606

32 1

1

•2859

.2546

.2268

.2019

.1798

.1601

.1426

.1270

.1131

.1007

.089 69

.079 87

Kilograms
per

Kilometer.

953-2

755-9

599-5

475-4
377-0
299.0

237-1
188.0

149-1

1 18.2

93-78

74-37

58.98

46.77

37-09

29.42

23.33
18.50

14.67

11.63

9.226

7-317

5.803
4.602

3-649
2.894

2-295

1.820

1-443
1. 145

0.9078

.7199

•5709

•4527

-3590
•2847

.2258

-1791

.1420

.1126

.08931
•070 83

.056 17

•04454

Meters
per

Gram.

O.OOI 049
.001 323
.001 668

.002 103

.002 652

.003 345

.004 217

.005 318

.006 706

.008 457

.010 66
-013 45

.016 96

.021 38

.026 96

.034 00

.042 87

.054 06

.068 16

.08595

.1084

-1367

-1723

•2173

.2740

-3455

•4357

•5494
.6928

.8736

1. 102

••389

1.752

2.209 .

2.785

3-512

4.429

5-584
7.042

8.879
11.20

14.12

17.80

22.45

oOC.

6749-

5352-

4245-

^'^^•
2669.
2II7.

1679.

•33'-

1056.

837-3
664.0

526.6

417.6
331-2
262.6

208.3

165.2

131.0

'23-9„
82.38

65-33

51.81

41-09

32-58

25-84

20.49
16.25

12.89

10.22

8.105

6.428

5097
4.042

3.206

2.542
2.016

1.599
1.268

1.006

0-7974
.6324

.5015

.3977

-3154

20OC.

6219.

4932-

39"-

3102.

2460.

1951.

1547^
1227.

972-9

771-S
61 1.8

485.2

384-8

305-1

242.0

191.9

152.2

120.7

95-71

75.90
60.20

47-74
37-86
30.02

23.81

18.88

14-97

11.87

9.417

7.468

5.922

4.697

3-725

2-954

2.342

1-858

1-473
1.168

0.9265

•7347
.5827
.4621

.3664

.2906

50° c.

5563-
4412.

3499-

2774.
2200.

1745-

1384.

1097.

870.2

690.1

547-3
434-0

344-2

273.0
216.5

171-7

136.1

108.0

85.62

67.90

53-85

42.70

33-86
26.86

21.30

16.89

13-39

10.62

8.424
6.680

5-298
4.201

3-332

2.642

2.095
1.662

1.318

1.045
0.8288

-6572
.5212

-4133

.3278

.2600

75° c.

5"3-
4055-
3216.

2550.
2022.

1604.

1272.

1009.

799-9

634-4

503-1

3990

316.4

250-9

199.0

157.8

125.1

99.24

78.70
62.41

49.50

39-25
31-13

24.69

19.58

»5-53
12.31

9.764

7-743
6. 1 41

4.870
3.862

3-063

2.429
1.926

1.527

1.211

0.9606
.7618

.6041

.4791

•3799

•3013

•2390

^ Length at 20° C. of a wire whose resistance is i ohm at the stated temperatures.
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^""'c. Table 320 (««'!<<««<o.

WIRE TABLE, STANDARD ANNEALED COPPER (.coniinutd).

Ameiloan Wire Qage (B. & S.). Metrio Units (umtinueit).

291

Gage

No.

0000
000
00

21

22

23

24
25
26

27
28

29

30
31

32

33
34
35

36

3?
38

39
40

Diameter

in mm.
at 20° C.

11.68

10.40

9.266

8.252

7-348

6.544

5.827

5.189
4.621

4.I15

3.665

3.264

2.906
2.588

2-30S

2.053
1.828

1.628

1.450
1.291

1.
1
50

1.024

0.91 16

.8118

.7230

.6438

•S733

.5106

•4547
.4049

.3606

.3211

.2859

.2546

.2268

.2019

.1798

.1601

.1426

.1270

.1131

.1007

.08969

.079 87

Ohms per Kilogram.

oOC.

0.000 155 4
.000 247 2

.000 393 O

.000 624 9

.000 993 6

.001 580

.002 512

.003 995

.006 352

.010 10

.016 06
°25 S3

.040 60

.06436

.1026

.1632

•2595
.4127

.6562

1043
1.659

2.638

4.194
6.670

10.60

16.86

26.81

42.63

67.79
107.8

171-4

272.5

433-3

689.0

1096.

1742.

2770.

4404.
7003.

1 1 140.

17710.

28150.

44770.
71 180.

20° C.

0.000 168 7
.000 268 2

.000 426 5

.000 678 2

.001 078

.001 715

.002 726
-004 |35
.006 893

,010 96
•017 43
.027 71

.044 66

.070 07

.1114

.1771

.2817

•4479

.7122

1. 132
1.801

2.863

:

4-552
:

7-238

11.51 :

18.30

29.10

46.27

73-57
1 17.0

186.0

295.8

470-3

747.8
1180.

3006.

4780.
7601.

12090.

19220.

30560.

48590.
77260.

50° c.

0.000 188 6
.000 299 9
.000 476 8

.000 758 2

.001 206

.001 917

.003 048

.004 846

.007 706

.012 25

.019 48

.030 98

.049 26

-078 33
-1245

.1980

•3149

.5007

.7961
1.266

2.013

3-201

5.089

8.092

12.87

20.46

32-53

51-73
82.25

130.8

207.9

330^6

525-7

836.0

1329.

2114.

3361-

5344-

8497.

13510.
21480.

34160.

543JO-

86360.

Grams per Ohm.

20° C.

5 928 000.

3 728 000.

2 344 000.

I 474 000.

927 300.

583 200.

366 800.

230 700.

145 100.

91 230.

57 3»o-

36 080.

22 6go.

14 270.

8976.

56-45

3550-
2233-

1404.

883.1

555-4

349-3
219.7

138.2

86.88

54-64

34^36

21.61

8.548

5-376
3-381
2.126

1-337
0.8410

•5289

•3326
.2092

.1316

.082 74

.052 04
-032 73

.020 58

.012 94
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292 Table 321 .-ALUMINUM WIRE TABLE.

Haid-Drawn Alumlnnm Wlie at 20° C. (or, 68° F.)-

Ameiican Wire Sage (B. ft S.)- EoEllsh Units.

English.

Gage
No.

0000
000
00

O
I

2

3
4
5

6

7

9
10

II

12

13

14

IS
16

17

18

19

21

22

23

24

25
26

27
28

29

30
31

32

33
34
35

36

38

39
40

Diameter
in Mils.

460.

410.

365-

325-
289.

258.

229.

204.

182.

162.

144.

128.

114.

102.

91.

81.

72-

64.

57-

51-

45-

40.

36.

32-

28.5

25-3
22.6

20.1

17-9

15.9

14.2

12.6

"•3

1 0.0

8.0

7-1

6.3

5.6

5.0

45
4.0

35
31

Cross Section.

Circular
Mils.

212 000.

168 000.

133000.

106 000.

83 700.

60 400.

52 600.

41 700.

33 io°-

26 300.

20 800.

16 500.

13 100.

10 400.

8230.

6530.

5180.

41 10.

3260.

2580.

2050.

1620.

1290.

1020.

810.

642.

509.

404.
320.

254.

202.

160.

127.

lOI.

79-7
63.2

SO. I

39-8

31-5

25.0

19.8

iS-7

12.S
9.9

Square
Inches.

0.166

.132

.105

.0829

.0657

.0521

°4i3
.0328
.0260

.0206

.0164

.0130

.0103

.008 15

.006 47

.00513

.004 07

.00323

.002 56

.002 03

.001 61

.001 28

.001 01

.000 802

.000 636

.000 505

.000 400

.000 317

.000 252

.000 200

.000 158

.000 126

.000 099 5

.000 078 9

.000 062 6

.000 049 6

.000 039 4

.000 031 2

.000 024 8

.000 0T9 6

.000 015 6

.000 0123

.000 009 79

.000 007 77

Ohms
per

1000 Feet.

0.0804
.101

.128

.161

.203

.256

•323

.408

.514

.648

.817

1.03

1.30

1.64

2.07

2.61

329
4.14

5.22

6.59
8.31

10.5

16.7

21.0

26.5

33-4

42.1

P-'67.0

84.4
106.

'34-

169.

269.

339-
428.

S40.

681.

858.

1080.

1360.

1720.

Founds
per

1000 Feet.

I9S-

154.
122.

97.0

76.9
61.0

48.4

38-4

3°4

24.1

19.1

15.2

12.0

9-55

7-57

6.00

4.76

3-78

2.99

2.37
1.88

1.49
1. 18

0-939

•745

•59"

.468

371
.295

•234

.185

.147

.117

.0924

•0733
•0581

.0461

.0365

.0290

.0230

.0182

.0145

.0115

.0091

Pounds
per Ohm.

2420.

1520.

957-

602.

379-
238.

150.

94.2

59.2

37-2

234
14.7

9.26

3-66

2.30

I.4S
0.91

1

.360

.227

.143

.0897

.0564

°35S
.0223

.0140

.00882

•0055s
.00349

.002 19

.001 38

.000 868

.000 546

.000 343

.000 216

.000 136

.000 085 4

.000 053 7

.000 033 8

.000 021 2

.000 013 4

.000 008 40

.000 005 28

Feet
per Ohm.

12 400.

9860.

7820.

6200.

4920.

3900.

3090.

2450.

1950.

1540.
1220.

970.

770.
610.

484.

384^

304-
241.

191.

152-

120.

95^5

75^7
60.0

47.6

37-8

29.9

23
18

14.9

J-7
8.8

11.8

9-39

7.45

S^9i

4.68

3-72

2.95

2.34
1.85

1.47

1.17

0.924

•733
.581
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Metric. Table 322.-ALUMINUM WIRE TABLE.

Hud-DiaiTii Aluminum Wlie at 20° 0.

American Win Elage (B. & S.) Kletrlo Units.

293

Gage
No.



294 Tables 323, 324.

DIELECTRIC STRENGTH.

TABLE 323. — Stead? Potential Difference In Volts retnlred to proauce a Spaik In Air with Ball Electrodes.

Spark
length.

cm.



Tables 325, 326. 295
DIELECTRIC STRENGTH.

TABLE 385. -Potential NeoeBBaryto piodnoe a Spaik In Air between more widely Separated Eleotrodes.

su



296 Tables 327, 328.

DIELECTRIC STRENGTH.

TABLE 327.— Dleleotrlo StrengUi ol Materials.

Potential necessary for puncture expressed in kilovolts per centimeter thickness o£ the dielectric.

Substance.



Tables 329, 330.
TABLE 320.-EleoWoal Resistance ol Straight Wires with AMematliig Onirents

ol DlUerent Fretnencles.

297

ThU table gives the ratio of tlie resistance of straight copper wires with alternating currents of
different frequencies to the value of the resistance with direct currents.

Diameter of



2q8 Table 331.

WIRELESS TELEGRAPHY.
Wave-Lengtli in Ueters, Fieiinebc7 In periods per seconil, anl OscUlatlon Oonstant LO In

Mlcrolienrlei and Mlorolorads.

Meters.



Table 331 (cmeludei),

WIRELESS TELEGRAPHY.
Wave-Lengtli, Fistnenoy and Oscillation Oonstant.

299

Meters.



303 Table 332.

WIRELESS TELEGRAPHY.

Radiation Resistances lor Vailons Wave-Lengtlu and Antenna Helgbts.

The radiation theory of Hertz shows that the radiated energy of an oscillator may be repre-

sented by E= constant (hV*^) I^i where h is the length of the oscillator, A, the wave-length and
I the current at its center. For a flat-top antenna E= 1600 (hV A^) I^ watts ; 1600 hV^" is called

the radiation resistance.

(h= height to center of capacity of conducting system.)

Wave^^-~^^



Table 333. jOI
INTERNATIONAL ATOMIC WEIGHTS. ELECTROCHEMICAL

EQUIVALENTS.
The International Atomic Weights are quoted from the report of the International Committee

°"J5;'°5?i= Weights (Journal American Chemical Society, 35, p. 1807, 1913).
Ihe Electrochemical equivalent of Silver is 0.0011180 gram, sec.-l amp.-i. (See definition of

International Ampere, p. xxxiii.) The electrochemical equivalent for any other element is

atomic weight element ^^ .0011180 _j _j
atomic weight silver valency

^""^ ^^'^' ^'"^"

The equivalent for iodine has been



302 Tables 334, 335.

CONDUCTIVITY OF ELECTROLYTIC SOLUTIONS.

This subject has occupied the attention of a considerable number of eminent workers in

molecular physics, and a few results are here tabulated. It has seemed better to confine the

examples to the work of one experimenter, and the tables are quoted from a paper by F. Kohl-
rausch,* who has been one of the most reliable and successful workers in this field.

The study of electrolytic conductivity, especially in the case of very dilute solutions, has fur-

nished material for generalizations, which may to some extent help in the formation of a sound
theory of the mechanism of such conduction. If the solutions are made such that per unit

volume of the solvent medium there are contained amounts of the salt proportional to its electro-

chemical equivalent, some simple relations become apparent. The solutions used by Kohlrausch

were therefore made by taking numbers of grams of the pure salts proportional to their elec-

trochemical equivalent, and using a liter of water as the standard of quantity of the solvent. Tak-
ing the electrochemical equivalent number as the chemical equivalent or atomic weight divided

by the valence, and using this number of grams to the liter of water, we get what is called

the normal or gram molecule per liter solution. In the table, m is used to represent the
number of gram molecules to the liter of water in the solution for which the conductivities

are tabulated. The conductivities were obtained by measuring the resistance of a cell filled with
the solution by means of a Wheatstone bridge alternating current and telephone arrangement.
The results are for i8° C, and relative to mercury at o° C, the cell having been standardized by
filling with mercury and measuring the resistance. They are supposed to be accurate to within

one per cent of the true value.

The tabular numbers were obtained from the measurements in the following manner :
—

Let A', a ^conductivity of the solution at i8° C. relative to mercury at o° C.
A'", = conductivity of the solvent water at i8° C. relative to mercury at o° C.

Then X^,—/C^^^ ^,^= conductivity of the electrolyte in the solution measured.

-12-= /t^ conductivity of the electrolyte in the solution per molecule, or the " specific

molecular conductivity."

TABLE 334. —Value ol ^s 'or a lew Electrolytes.

This short table illustrates the apparent law that the conductivity in very dilute solutions is proportional to the
amount of salt dissolved.

7n



Table 336.
303

SPECIFIC MOLECULAR CONDUCTIVITY /n ; MERCURY= 10',

Salt dissolved.



304 Tables 337,338.

LIMITING VALUES OF fi. TEMPERATURE COEFFICIENTS.

TABLE 337. — Limiting Values ol |i.

This table shows limiting values of /a = — .10* for infinite dilution for neutral salts, calculated from Table 37Z.

Salt.



Table 339. 305
THE EQUIVALENT CONDUCTIVITY OF SALTS, ACIDS AND BASES IN

AQUEOUS SOLUTIONS.
In the following table the equivalent conductance is expressed in reciprocal ohms. The con-

centration IS expressed in milli-equivalents of solute per litre of solution at the temperature to which
the conductance refers. (In the cases of potassium hydrogen sulphate and phosphoric acid the
concentration is expressed in milli-formula-weights of solute, KHSO4 or HgPOi, per liter of solu-
tion, and the values are correspondingly the modal, or " formal," conductances.) Except in the
cases of the strong acids the conductance of the water was subtracted, and for sodium acetate,
ammonium acetate and ammonium chloride the values have been corrected for the hydrolysis of
the salts. The atomic weights used were those of the International Commission for 1905, referred
to oxygen as 16.O0. Temperatures are on the hydrogen gas scale.



306 Table 339 (emtimted).

THE EQUIVALENT CONDUCTIVITY OF SALTS, ACIDS AND BASES IN
AQUEOUS SOLUTIONS.



Table 340. 307
THE EQUIVALENT CONDUCTIVITY OF SOME ADDITIONAL SALTS IN

AQUEOUS SOLUTION.
CondiUons similar to those of the preceding table except that the atomic weights for 1908 were used.

Substance.



308 Tables 341 , 342.

CONDUCTANCE OF IONS. - HYDROLYSIS OF AMMONIUM ACETATE.

TABLE 341.— Tbe EtulTalent Condnctance ol tlie Separate Ions.

Ion.



Tables 343, 344.

DIELECTRIC CONSTANTS.
TABLE 343.-Dleleotrlo Constant (Speolllc Indnotlve Oajaolty) oi Oases.

Atmospheric Pressure.

Wave-lengths of the measuring current greater than loooo cm.

309

Gas.

Air

Ammonia

Carbon bisulphide . . .

Carbon dioxide ....

Carbon monoxide ....

Ethylene

Hydrochloric acid . . .

Hydrogen

Methane

Nitrous oxide (NjO) . .

11 ti (4

Sulphur dioxide ....

Water vapor, 4 atmospheres

Temp
°C.

20

o
100

o
o

o
o

o
o

100

o
o

o
o

o
o

o
o

145

Dielectric constant
referred to

Vacuum=i

1.000590
1.000586

1.007 1

8

1.00290

1.00239

1.000946
1.000985

1.000690

1.000695

I.00131

1.00 1 46

1.00258

1.000264
1.000264

1.000944

1.000953

1.00116

1 .00099

1.00993
1.00905

1.00705

Air=i

1 .000000
1.000000

1.00659

1.0023

1

1.00 180

1.000356

1.000399

I.OOOIOO
1.000 109

1.00072

1.00087

I.OOI99

0.999674
0.999678

1.000354
1.000367

1.00057
1.00041

1.00934
1.00846

1.00646

Authority.

Boltzmann, 1875.
KlemenCie, 1885.

Badeker, 1901.

KlemenCii!.

Badeker.

Boltzmann.
KlemenCiS.

Boltzmann.
KlemenEiC.

Boltzmann.
KlemenCiC.

Badeker.

Boltzmann.
KlemenCiC.

Boltzmann.
KlemenCiC.

Boltzmann.
Klemen£iC,

Badeker.
KlemenCiC.

Badeker.

TABLE 344. —Variation of tbe Dielectric Constant with tbe Tempeiatuie.

For variation with the pressure see next table.

If De= the dielectric constant at the temperature fl° C, Di at the tempera-

ture t° C, and a and j8 are quantities given in the following table, then

The temperature coefficients are due to Badeker.

Gas.



3 lO Tables 345, 346.

DIELECTRIC CONSTANTS (continued).

TABLE 346.— Ohangs oi the DlelscMo OosBtaiit of Qasas with the Fieiinrt,

Gas.



Table 346 {eoatinutd).

DIELECTRIC CONSTANTS OF LIQUIDS.
A wave-length greater than loooo centimeters is desiguated by oo.

3"

Substance.

Anilin ....
Benzol (benzene)

U ti

Bromine . . .

Carbon bisulphide
(I r

Chloroform

Decane ,

Decylene
Ethyl ether

Formic acid

Glycerine

Hexane .

Hydrogen perox-

1

H2O f

Temp.
°C.

ide 46 % in ]

18

18

19
23
20

17
18

17

14

17
—80
—40

o
18

20
60
100

140
180
Crit.

temp.

193
18

+2
(frozen)

\l

IS
IS

IS

17

iS

Wave-
length

Z3
84
00

73
00

73
00

83
73

1200

73
1200
200

o^S
8.5

0.4
00

75

Diel.

const.

7-316
2.28S
2.26

3-i8

2.626

2.64

S-2

4-95

1-97

2.24

7.05

5.67

4.68

4.368

4-30

3-6S
3.12
2.66

2.12

1-53

4-3S
19.0

62.0

58.5

56.2

39-1

25.4

4.4
2.6

1.880

84.7

'3

Substance.

Nitrobenzol

Octane .

Oils:
Almond
Castor .

Colza .

Cottonseed
Lemon .

Linseed
Neatsfoot
Olive .

Peanut

.

Petroleum
Petroleum ether

Rape seed
Sesame
Sperm .

Turpentine
Vaseline

Phenol .

Toluol .

Meta-xylol

Temp.
"C.

(frozen)—10

—

S

O

+15
3°
18

17

17

20
II

20

14
21

13

20
11.4

20
16

134
20
20

48
-83
+16

19
18

17

Water . . . ,

for temp. coefE.

see Table 344.

18

17

17

17

Wave-
length

73
00

2000
00

73
00

73
CO

73

Diel.

const.

9.9
42.0

41.0

37-8

3;
31"

34-0

1.949

56.4s

2.83

4.67

311
3.10

2.25

3-35
3.02

3"
303
2-13

1.92

2.85

3.02

3-17

2.23

2.17

9.68

2.51

2-33

2.37«

2-37

74

81.07 II

80.6 2

81.7

38 83.6

<

1 Abegg-Seitz, 1899.

2 Drude, 1896.

3 Marx, 1898.

4 Lampa, 1896.

5 Abegg, 1897.

6 Thwing, 1894.

7 Drude, 1898.

8 Francke, 1893.

9 Lowe, 1898.

10 Landolt-Jahn, 1892.

11 Turner, 1900.

12 Schlundt.

13 Tangl, 1903.

14 Coolidge, 1899.

15 V. Lang, 1890.

16 Nemst, 1894.

17 Calvert, ^900.

18 Hasenohrl, 1896.

19 Arons-Rubens, 1892.

20 Hopkinson, 1881.

21 Salvioni, 1888.

22 Tomaszewski, 1888.

23 Heinke, 1896.

24 Marx.
25 Fuchs.

SMITHSONrAN TABLES.



312 Tables 347, 348.

DIELECTRIC CONSTANTS OF LIQUIDS {continued).

TABLE 347.— Tempaiatnie Ooefflclents ol tlie Formula :

z»»=A[i-o(<— 0)+0{t-6y].

Substance.



Tables 349, 350. -DIELECTRIC CONSTANTS (cmtm-ued). 313
TABLE 349. — Stanaaid Solutions foi Maa OaUbraUon ol Apparatas lor tbe Ueanulng ol Dleleotilc Oonstanti.

Turner.

Substance.

Benzol . . .

Meta-xylol .

Ethyl ether .

Aniline . .

Ethyl chloride
O-nitro toluol

Nitrobenzol .

Water (conduct, 10-8)

Diel. const,

at 18°.

A= 00.

2.288

2.376

4.36;
7.29B

10.90

27.71

36-45
81.07

Drude.

Acetone in benzol at vf. A= 75 cm.

Per cent
by weight.

O
20

40
60
80
100

Density 16°.

0.885
0.866

0.847
0.830
0.813

0.797

Dielectric

constant.

2.26

5.10

8-43
12.1

16.2

20.5

Temp.
coeiBcient.

0-3

0.4

0-5

0.6

Water in acetone at 19°. A= 75 cm.

O
20

40
60
80
100

0.797
0.856

0.903
0.940

0-973

0.999

20.5

31 -S

43-S
57.0
70.6

80.9

0.6%
0-5

0-5

0.5

0-5

0.4

Per cent
by weighti

Nemst.

Ethyl alcohol in

water at 19.5°.

A= 00.

100
go
80
70
60

Dielectric
constant.

26.0

29-3

33-5
38.0

43-1

TABLE 360. — Dialeotilc Oonstants of Solids.

Substance.



314 Tables 350, 351.

DIELECTRIC CONSTANTS (coHtinued).

TABLE 360. — DialsGtrlo Oonstanti d SaVUa (cmtimieil).

Substance.



Tables 352, 353.

PERMEABILITY OF IRON.

315

TABLE 362. -PeimeaMUty ol Iron Rings and Wlie.

This table gives, for a few specimens of iron, Ihe magnetic induction S, and permeability (», corresponding to the
magneto-motive forces H recorded in the first column. The first specimen is taken from a paper by Rowland,*
and refers to a welded and annealed ring of " Burden's Best " wrought iron. The ring was 6.77 cms. in mean
diameter, and the bar had a cross sectional area of 0.916 sq. cms. Specimens 2-4 are taken from a paper by
BosaDquet,t and also refers to soft iron rings. The mean diameters were ai.5, 22.1, and 22.725 cms., and the
thickness of the bars 2.535, 1.295, and .7544 cms. respectively. These experiments were intended to illustrate the
effect of thickness of bar on the induction. Specimen 5 is from Ewing's book,t and refers to one of his own
experiments on a soft iron wire .077 cms. diameter and 30.5 cms. long.



3i6 Table 353 (contimud).

PERMEABILITY OF TRANSFORMER IRON.

(b) Westinghouse No. 6 Transformers (about :8oo Watts CAPAaTv).



Tables 354-356. MAGNETIC PROPERTIES OF IRON. 317
TABLE 364.— HagnetlG Properties of Iron and SteeL



3i8 Table 357.

COMPOSITION AND MAGNETIC

This table and Table 358 below are taken from a paperby Br. Hopkinson * on the magnetic properties of iron and steeL

which is stated in the paper to have been 240. The maximum magnetization is not tabulated ; but as stated in the

by 4ir. " Coercive force " is the magnetizing force required to reduce the magnetization to zero. The '' demag-

previous magnetization in the opposite direction to the *' maximum induction" stated in the table. The 'f energy

which, however, was only found to agree roughly with the results of experiment.

No.



Table 357 (contimud).

PROPERTIES OF IRON AND STEEL.

319

The numbers in the columns headed "magnetic properties" give the results for the highest magnetizing force used,
paper, it may be obtained by subtracting the magnetizing force (240) from the maximum induction and then dividing

netizmg force *' is the magnetizing force which had to be applied in order to leave no residual magnetization after

dissipated" was calculated from the formula:— Energy dissipated =. coercive force X maximum iaduction -^ w



320 Tables 358-360.

PERMEABILITY OF SOME OF THE SPECIMENS IN TABLE 357.

TABLE 368.

This table gives the induction and the permeability for different values of the magnetizing force of some of the speci-

mens in Table 357. The specimen numbers refer to the same table. The numbers in this table have been taken

from the curves given by Dr. Hopkmson, and may therefore be slightly in error ; they are the mean values for

rising and falling magnetizations.

Magnetiz-
ing force.

H



Tables 361-367.

MAGNETIC PROPERTIES OF METALS.
TABLE 361. - Cobalt at 100° 0. TABLE 362.- Nickel at 100"

321

H



322 Tables 368-370.

Table 368.-MAGNETIC PROPERTIES OF IRON IN VERY WEAK FIELDS.

The efEect of very small magnetizing forces has been studied by C. Baur * and by Lord Rayleigh.t The following

short table is taken from Baur's paper, and is taken by him to indicate that the susceptibility is finite for zero valuM

ofH and for a finite range increases in simple proportion to H. He gives the formula «— 15+ 100 //, or /—
itH\-iix>H\ The experiments were made on an annealed ring of round bar 1.013 cms. radius, the nng haviM

a radius of 9.432 cms. Lord Rayleigh's results for an iron wire not annealed give * = 6.^ -j- 5.1 H,ot 1—b.^a

+ 5.1 H^. The forces were reduced as low as 0.00004 c. g. s., the relation olk\oH remaining constant.

First experiment.



Tables 371-372. 323
DEMAGNETIZING FACTORS FOR RODS.

TABLE 371.

H=^ true intensity o» magnetizing field, H'= intensity of applied field, /= in-

tensity of magnetization, ff= H'—NI.
Shuddemagen says: The demagnetizing factor is not a constant, falling for

highest values of /to about 1/7 the value when unsaturated; for values of B
(=.^+4"'.^) less than loooo, N is approximately constant; using a solenoid
wound on an insulating tube, or a tube of split brass, the reversal method gives
values ior N which are considerably lower than those given by the step-by-step
method ; if the solenoid is wound on a thick brass tube, the two methods prac-
tically agree.

Ratio
of

Length
to

Diameter.



324 Table 373.

DISSIPATION OF ENERGY IN THE CYCLIC MAGNETIZATION OF VARIOUS
SUBSTANCES.

C. P. Steinmetz concludes from his experiments* that the dissipation of energy due to

hysteresis in magnetic metals can be expressed by the formula e= aB^\ where e is the energy

dissipated and a a constant. He also concludes that the dissipation is the same for the same
range of induction, no matter what the absolute value of the terminal inductions may be. His

experiments show this to be nearly true when the induction does not exceed ^ 15000 c. g. s.

units per sq. cm. It is possible that, if metallic induction only be taken, this may be true up to

saturation ; but it is not likely to be found to hold for total inductions much above the satura-

tion value of the metal. The law of variation of dissipation with induction range in the cycle,

stated in the above formula, is also subject to verification.t

Values ol Constant a.

The following table gives the values of the constant a as found by Steinmetz for a number of difEerent specimens.

The data are taken from his second paper.

Number of
specimen.

Kind of material. Description of specimen.
Value of

I

2

3

4

I

7
8

9
10

II

12

13

>4

\l

17

18

19
20

22

23

24

2S

26

Iron

Steel

Cast iron

Magnetite

Nickel

Cobalt

Iron filings

Norway iron

Wrought bar
Commercial ferrotype plate

Annealed " "

Thin tin plate

Medium thickness tin plate

Soft galvanized wire
Annealed cast steel

Soft annealed cast steel

Very soft annealed cast steel

Same as 8 tempered in cold water ....
Tool steel glass hard tempered in water
" " tempered in oil

" " annealed
( Same as 12, 13, and 14, after having been subjected

j

} to an alternating m. m. f. of from 4000 to 6000 !

( ampere turns for demagnetization . • •

'

Gray cast iron
" " " containing J % aluminium
" " " " i% " . ._

( A square rod 6 sq. cms. section and 6.5 cms. long, i

\ from the Tilly Foster mines, Brewsters, Putnam !

( County, New York, stated to be a very pure sample
;

Soft wire

( Annealed wire, calculated by Steinmetz from
i

I
Ewing's experiments

\

Hardened, also from Ewing's experiments

( Rod containing about 2 % of iron, also calculated

( from Ewing's experiments by Steinmetz
' Consisted of thin needle-like chips obtained by
milling grooves about 8 mm. wide across a pile of

thin sheets clamped together. About 30 % by vol-

ume of the specimen was iron.

ist experiment, continuous cyclic variation of m. m.
f. 180 cycles per second
2d experiment, 114 cycles per second
3d "

79-91 cycles per second .

.00227

.00326

.00548

.00458

.00286

.00425

.00349

.0(^48

.00457

.00318

.02792

.07476

.02670

.01899

.06130

.02700

.01445

.01300

.01365

.01459

.02348

.0156

.0385

.0457

.0396

•0373

* " Trans. Am. Inst. Elect. Eng." January and September, 1892.

t See T. Gray, " Proc. Roy. Soc." vol. Ivi.

Smithsonian Tables.



Table 374.

ENERGY LOSSES IN TRANSFORMER STEELS.
525

Determined by the wattmeter method.
Ijjss per cycle per cc= AB'+6nBii,_ where B= flux density in gausses and n = frequency in

cycles per second, x shows the variation of hysteresis with B between 5000 and 10000 gausses,
andy the same for eddy currents.



326 Table 375.

MACNETO-OPTIC ROTATION.

Faraday discovered that, when a piece of heavy glass is placed in magnetic field and a beam
of plane polarized light passed through it in a direction parallel to the lines of magnetic force,

the plane of polarization of the beam is rotated. This was subsequently found to be the case
with a large number of substances, but the amount of the rotation was found to depend on the
kind of matter and its physical condition, and on the strength of the magnetic field and the
wave-length of the polarized light. Verdet's experiments agree fairly well with the formula

—

,„/ dr\r'^

where c is a constant depending on the substance used, / the length of the path through the
substance, H the intensity of the component of the magnetic field in the direction of the path
of the beam, r the index of refraction, and A. the wave-length of the light in air. If H be dif-

ferent, at different parts of the path, IH\& to be taken as the integral of the variation of mag-
netic potential between the two ends of the medium. Calling this difference of potential v, we
may write 6= Av, where A is constant for the same substance, kept under the same physical
conditions, when the one kind of light is used. The constant A has been called " Verdet's con-
stant," * and a number of values of it are given in Tables 376-380. For variation with tempera-
ture the following formula is given by Bichat :

—
^ = ^0 (i — 0.00104/— 0.000014/2),

which has been used to reduce some of the results given in the table to the temperature corre-
sponding to a given measured density. For change of wave-length the following approximate
formula, given by Verdet and Becquerel, may be used :—

where 11. is index of refraction and \ wave-length of light.

A large number of measurements of what has been called molecular rotation have been made,
particulariy for organic substances. These numbers are not given in the table, but numbers
proportional to molecular rotation may be derived from Verdet's constant by multiplying in the
ratio of the molecular weight to the density. The densities and chemical forraute are given in
the table. In the case of solutions, it has been usual to assume that the total rotation is simply
the algebraic sum of the rotations which would be given by the solvent and dissolved substance,
or substances, separately ; and hence that determinations of the rotary power of the solvent
medium and of the solution enable the rotary power of the dissolved substance to be calculated.
Experiments by Qumcke and others do not support this view, as very different results are
obtained from different degrees of saturation and from different solvent media. No results thus
calculated have been given in the table, but the qualitative result, as to the sign of the rotation
produced by a salt, may be inferred from the table. For example, if a solution of a salt in water
gives Verdet's constant less than 0.0130 at 20° C, Verdet's constant for the salt is negative.
The table has been for the most part compiled from the experiments of Verdet,t H. Becque-

rel.t Quincke,! Koepsel,|| Arons,t Kundt,« Jahn,tt Sch6nrock,+t Gordon, 88 Ravleieh and
Sidgewick,||

II
Perkin,n Bichat***

'SS
3'

e

As a basis for calculation, Verdet's constant for carbon disulphide and the sodium line D has
been taken as 0.0420 and for water as 0.0130 at 20° C.

• The constancy of this quantity has been verified through a wide range of variation of magnetic field bv
H. E, J. G. Du Bois (Wied. Ann. vol. 35), p. 137, 188S.

t " Ann. de Chim. et de Phys." [3] vol. 52, p. 129, 1858.

X " Ann. de Chim. et de Phys." [5] vol. 12; " C. R." vols. 90, p. 1407, 1880, and 100, p. 1174. 188!.
§ " Wied. Ann." vol. 24, p. 606, 1885.

f , ,. ,v 374. 005-

II
" Wied. Ann." vol. 26, p. 456, 1885.

IF "Wied. Ann." vol. 24, p. 161, 1885.
** " Wied. Ann." vols. 23, p. 228, 1884, and 27, p. 191, i886.

+t " Wied. Ann." vol. 43, p. 280, 1891.

ti "Zeits. fiir Phys. Chem." vol. 11, p. 753, 1893.

§§ "Proc. Roy. Soc." 36, P- 4, 1883.

nil "Phil. Trans. R. S." 176, p. 343, 1883.

tit "Jour. Chem. Soc."
*** "Jour, de Phys." vols. 8, p. 204, 1S79, and g, p. 204 and p. 275, 1880.

Smithsonian Tables.



Table 376.

MAGNETO-OPTIC ROTATION.

SoUds.

327

Substance.



328 Table 377.

MACNETO-OPTIC ROTATION.
Llinlds : Verdet's Constant for A= 0.689/i.



Table 378.

MACNETO-OPTtC ROTATION.
Solutions ol aclAs and salts in water. VeiAet's oonstant for \= 0.689/1.

329

Chemical
formula.

CaHeO
HBr

HCl

HI
(4

<(

HNOj
NHs
NHjBr

BaBra

CdBr2
U

CaBra
tt

KBr

NaBr

SrBrj

KjCOs
NaaCOs

(1

NH4CI
BaCla

CdCla

CaCIa

CuCU
ti

FeClj
tt

H

FeaCle

Density,
grams

per c. c.

Verdet's
constant

in minutes.

0.9715

•3775
I.I 163

I-1S73
1.0762
1.01 58

1.9057

1.4495
1. 1760
1.3560
0.8918
1.2805

1.1576

'•5399
1-2855

1.3291
1.1608

1.249?
I-I337

1.1424
1.0876

1.1351

1.0824

1.2901

1.1416
1.1906
1. 1006

1.0564

1.07 18

1.2897

'•'338

1-3179

I-27SS
1.1732

1-1531

1.1504

1.0832

1-5158
1-1330
I-433I

1.2141

1.1093

1-6933

"-5315

1-3230
1.1681

1.0864
1.0445
1.0232

Temp.

0.0129

0.0244
0.0168

0.0204
0.0 158
0.0140

0.0499
0.0323
0.0205
0.0105

0.0153
0.0226
0.0186

0.0215

0.0176

0.0192
0.0162

0.0189

0.0164
0.0163
O.OI5I

0.0165
0.0152
0.0186

0.0159
0.0140
0.0140

0.0137
0.0178
0.0168

0.0149
0.0185

0.0179
0.0160

0.0157
0.0165

0.0152
0.0221

0.0156
0.0025
0.0099
O.OI18
0.2026

—O.I 140
—0.0348
—o.ooi 5

0.0081

0.0113
0.0122

"5

15
20

IS

15

Chemical
formula.

Density,
grams
per c. c.

LiCl

MnCla

HgCIa
il

NiCla

(f

KCl
ti

NaCI
((

((

SrCla

SnCl2
((

ZnCla

KaCrOi
KaCraOT
Hg(CN)2

NH4I
tt

tt

Cdl

KI
tt

tt

Nal

NH4NO8
KNOb
NaNOs
UaOsNaOs

(NH4)2S04
NH4.HSO4
BaS04

tt

CdS04
tt

MnS04
K2SO4
NaS04

Verdet's
constant

in minutes.

1.0619
I.0316

1.1966
1.0876

1.038

1

1.0349
1.4685

1.2432

1-1233
1.6000

1.0732
I.2051
1.0546
I.0418

I.192I

1.0877

1.3280
I.III2

I.2851

I -1 595
1.3598
1.0786

1.0638

1.0605

1.5948

1.5109

1.2341

1.5156
1. 1521

1.6743

1-3398
1. 1705
1-1939
1.1191

1.2803

1.0634
1.1112

2.0267

1.1963
1.2286

1.4417
1.1788

1.0938
1.1762

1.0890

1.1762

1.2441

1.0475
1.0661

0.0145
0.0143
0.0167

0.0150

0.0137
o.oi 37
0.0270

0.0196
0.0162

0.0163

0.0148
0.0180

0.0144
0.0144
0.0162

0.0146
0.0266

0.0175
0.0196
0.0161

0.0098
0.0126

0.0136

0.0135

0.0396
0.0358

0.0235
0.0291

0.0177

0.0338
0.0237
0.0182
0.0200

0.0175
0.0121

0.0130
O.0I3I

0.0053
O.OI 1

5

0.0140
0.0085

0.0134

0.0133
0.0139
0.0136

0.0137
0.0138

0.01.33

0.013s

Temp.
C.

15

16
(1

IS

20

IS

IS

16

15
((

tt

20
K

IS

IS
20

IS

20

J
tt

B

S
tt

B

J
B

S

P
(I

it

J

B

P
J
it

B
((

P

J

.
J, Jahn, P, Perkin, V, Verdet, B. Becquerel, S. Schbnrock; see p. 3^6 for references.

Smithsonian Tables.



330 Tables 379, 380.

TABLE 379. — Magneto-Optlo Botatton.

Obssi,

Substance.



Tables 381 -383. 331
TABLE 381.— Values ol EeiT's OoiMtaiit.*

°Sl^Ar»fe?''™° ^''*' '^' rotation of the major axis ot vibration of radiations normally reflected from a magnet is

stent ff- IfJ,^'"^ *° *? "or'nal component of magnetization multiplied into a constant K. "- -"- -^^
atani ji

,
K.err s constant for the magnetized substance forming the magnet.

He calls this con-

Color of light.



332 Table 384.

MAGNETIC SUSCEPTIBILITY.
If 31 is the intensity of magnetization produced in a substance by a field strength ^, then the

magnetic susceptibility H = 31/13. This is generally referred to the unit mass; italicized figures

refer to the unit volume. The susceptibility depends greatly upon the purity of the substance, es-

pecially its freedom from iron. The mass susceptibility of a solution containing p per cent by weight

of a water-free substance is, if Ho is the susceptibility of water, (p/ioo) H + (i — p/ioo) Ho.

Substance.
Suscep-
tibility.

Remarks Substance.
Suscep-
tibility. J"

Remarks

Ag
AgCl
Air, I Atm....
Al
Al2K2(S04)l24H20
A, I Atm . . . .

As
Au
B
BaCla
Be
Bi
Br
C, arc-carbon . .

C, diamond . . .

CH4, I Atm. . . .

COj, I Atm. . . .

CS2
CaO
CaCla
CaCOa, marble . .

Cd
CeBrs
CI2, I Atm. . . .

C0CI2
CoBra
C0I2
C0SO4
Co(NOs)2. . . .

Cr
CsCl
Cu
CuCla
CuSOi
CuS
FeCls
FeCl2
FeSOi
Fe2(N08)6. . . .

FeCneK4 . . . .

FeCneKs . . . .

He, I Atm. . . .

H2, I Atm. . . .

H2, 40 Atm. . . .

H2O
HCl
H2SO4
HNOs

¥'::::::
In
Ir

K
KCl . . . .

'.
.

KBr
KI
KOH
K2SO4
KMn04 . . . .

KNO3

—0.19
—0.28

-f-0.02^

+0.65—1.0—O.IO
—0-3
—o.is—0.71

—0.36
+0.79
—1.4
-0.38—2.0

—0.49
-\-o.ooz

\-a.002

—0-77—0.27—0.40
—0.7—0.17

+6.3
-0.59
+90.
+47-
+33-
+57.
+57.
+3-7
—0.28
—0.09
+12.
+10.
+0.16
+9°-
+90-
+82.
+50.
—0.44
+91

O.O02
0.000
0.000

—0.79
—O.SO
-I-0.7S—0.70—0.19
-0.4
o.t±

-fo.is
+0.40
—0.50—0.40
—0.38
—0-35—0.42

+2.0—0-33

Crys.

Powd.

Powd.

Sol'n

Powd.

Sol'n

Sol'n
Powd.
Sol'n

Powd.

Sol'n

KsCOj. . . ,

Li . . . . ,

Mb ... .

Mg
MgS04. . . ,

Mn . . . . ,

MnCIj . . . .

MnS04. . . ,

N2, I Atm. . .

NHs . . . .

Na
NaCl . . . ,

NaCOg. . . .

NaCOs. 10 H2O
Nb . . . .

NiCla . . . ,

NiS04 . . . .

O2, I Atm. . .

Os
P, white . . .

P, red . . . ,

Pb . . . . ,

PbCIa . . . .

Pd
PrClj
Pt
PtCl4 . . . ,

Rh
S
SO2, I Atm. . ,

Sb . . . . ,

Se
Si

SiOa, Quartz . ,

—Glass. . . .

Sn
SrCla . . . ,

Ta
Te
Th
Ti
Va
Wo
Zn
ZnS04 . . . .

Zr
CHsOH . . .

C2H5OH . . .

CsHjOH . . .

CaHsOCsHs. .

CHCla . . . .

CeHe . . . .

Ebonite . . .

Glycerine . . .

Sugar . . . .

Parafiin . . .

Petroleum . . .

Toluene . . .

Wood . . . .

Xylene . . . .

—0.50

+0.38
-fo.04

—0.40

+11.
-\-\22.

-j-ioo.

0.001

—I.I

+0.51—0.50—0.19—0.46

+'•3
+40.
+3°-
+0.120
-fo.04—0.90
—0.50—0.12
—0.25

+5-8
+13-
-fi.i

0.0

+1.1
—0.48
—0.30

—0.94
—0.32
—0.12

—0.44
-o-S±
+0.03—0.42

+0-93
—0.32
-0.18

-31
-1-5

+0-33
-0.1S—0.40—0.4S
—0-73—0.80

—0.80
—0.60

—0.58
—0.78
+Z.7
—0.64
-0.57
-o.s8
—0.91
—0.77—0.2-5
—0.81

Sol'n

Sol'n

Powd.

Sol'n

Powd.

Sol'n

Sol'n

Crys.

Sol'n

Values are mostly means taken o( values given in Landolt-Bornsteiu's Physikalisch-chemische Tabellen. See espe-
cially Honda, Annalen der Physik (4), 32, 1910.

Smithsonjan Tables.



Tables 385-387. RESISTANCE OF METALS. MAGNETIC EFFECTS. 333
TABLE 3SS.—VailBtlon ol Beslstanoe ol Blsmntli, wltli TemperatsTe, In a Transveise Hagnetlo Field.

Proportional Values of Resistance,



334
TABLE 388.

Tables 388,389.

-TransTeise QalTanomagiietto and TbeimomagnetlG Effects.

Effects are considered positive when, the magnetic field being directed away from the observer,

and the primary current of heat or electricity directed from left to right, the upper edge of the
specimen has the higher potential or higher temperature.
.£= difference of potential produced; 7"= difference of temperature produced; /= primary

lit

current; -p- = primary temperature gradient ; B-

H= intensity of field. C. G. S. units.

-breadth, and .Z7= thickness, of specimen;

^HI
Hall effect (Galvanomagnetic difference of Potential), E= R—j^

Mr
" " Temperature), T=P-p-Ettingshausen effect (

"

Nernst effect (Thermomagnetic

Leduc effect (
"

" Potential), E -

dt

dt
Temperature), r=SHB-^

Substance. Values of R. P X lo". Q X io«. J-Xiof.

Tellurium
Antimony .

Steel . . .

Heusler alloy

Iron . . .

Cobalt . .

Zinc . . .

Cadmium
Iridium . .

Lead . . .

Tin. . . .

Platinum . .

Copper . ,

German silver

Gold . . .

Constantine

.

Manganese .

Palladium .

Silver , .

Sodium . .

Magnesium .

Aluminum .

Nickel . .

Carbon . .

Bismuth , .

+400 to 800
+ 0.9 " 0.22

-.012 " 0.033
-.010 " 0.026
-.007 " O.OII

+.0016 " 0.0046

+.00055
+.00040
+.00009—.00003—.0002
—.00052—.00054—.00057 to .00071—.0009—.00093—.0007 to .0012

—.0008 " .0015—.0023—.00094 to .0035—.00036 " .0037—.0045 " .024

—.017
— up to 16.

+200
+2—0.07

—0.06

+0.01

+0.04 to 0.19

+3 to 40

+360000
+9000 to 18000
—700 " 1700
+1600 " 7000—1000 " 1500
+1800 " 2240
—54 " 240

up to —5.0

-5.0 (?)

-4.0 (?)

—90 to 270

+50 to 130
—46 " 430

+2000 " 9000
+ 100

+ up to 132000

+400
+200
+69

+39
+13
+13

+5

—

2

—18

—3
—41

—45

—200

TABLE 389. —Variation of Hall Oonstant trltli the Tempeiatnie.

Bismuth.*



Tables 390-392.

RONTGEN (X-RAYS) RAYS.
335

f„i?J^^u" i?''^ v""^
produced whenever an electric discharge passes through a highly exhaustedtuoe. i he disturbance is propagated in straight lines probably with the velocity of light, affectsphotographic plates, excites phosphorescence, ionizes gases and suffers neither deviation by mag-

netic torces nor nieasurable refraction in passing through media of different densities. With ex-treme exhaustion in the \ube they have an appreciable effect after passing through several miUi-

u- v^- °i,
'"^^^ °"^ '^°"- The quality by which it is best to classify the rays is their hardnesswnich is the greater the greater the exhaustion. It is conveniently measured by the amount of ab-

sorptiOTi which they suffer in passing through a layer of aluminum or tin foil of standard thick-
ness, ihe number of ions which the rays produce in i sec. in passing through i cu. cm. of a gasdepends upon its nature and pressure. The absorption of any substance is equal to the sum of
the absorption of the individual molecules and the absorption due to any molecule is independent
ot the nature of the chemical compound of which it forms a part, of its physical state, and probably
of Its temperature. • r i

TABLE 390.— Ionization Ine to Rontgon Rays In Vailons Bases.



336 Tables 393, 394.

RONTCEN (X-RAYS) RAYS.
TABLE 393. — Mean Absorption Coefilolents,

If lo be the intensity of a parallel beam of homogeneous radiation incident normally on a plate

of absorbing material of thickness t, then I= lo e—^Jt gives the intensity I at the depth x. Because
of the greater homogeneity of the secondary X-rays they were used in the determination of the
following coefficients. The coefficients \ have been divided by the density d.

Radiator.



Tables 395-397. - RADIOACTIVITY.

rSir^l;^ tL^fZl^t ^'^'^^^}^<^ ^^^K a'o-ic weight.

337
It is an additivenrnnort-., ^c »i \ r- -t-— •;' "• ^^••.a.iu elements 01 nil

affe?ed'byVhysical7ondKscontro^lr 'i
'""^ ""' on the chemical°compo-und f"o'rm;d"n;;:

liquid or iaseouJ; etc?
controlling ordinary reactions, viz: temperature, whether solid or

sorb'ed\y\'hiTSM^„r'^'7"'"' "'^H^^'.'^^
l\°1ies emit a, p, or y rays, a rays are easily ab-

wi h abo^t i/iTthe vetci V of'LlT'- tC" ""Vfl ^°f^'^
charged^toms oi helium em'itted

magnetic fields ThJ fl r"7= ^L ^ lu
^^ ^'^ deflected but very slightly by intense electric or

profected with nP.rW fl,.
^ f -f"

the average more penetrating, are negatively charged particles

fdeXcal i^tvnJ^wit/fW 7^°^"'' °^ '¥'''' ^^="y ^^"^^'^d ''y electric or magnetit fields and

and ™ dev Ibt 5=,Wo ^ ' '^^' °* ^ ^^<=""™ *"'^^- ^he y rays are extremely penetratingana non-dev able, analogous in many respects to the very penetrating Rontgen ravs These ravs

chemk^l'eacHrs tfr'' T T ''^ Photographic plat^,Lcite phofphoreslence?produce certa^S comnm,nH« ,»? ' *^ f"™"™ of ozone or the decomposition of water. All radio-active compounds are luminous even at the temperature of liquid air.

rOct^ rn^? T^fv ^"7 g^^'ly on Rutherford's Radioactive Substances and their radiations

ferred for I;J» ^t'* u
Landolt-Bornstein Physikalisch-chemische Tabellen the reader is re-

rLc f rL,l f k 1 *^"^''«^ radioactive series each successive product (except Ur. Y, and

W,a Wh»ri 1°"" transformation of the preceding product and in turn produces the follow-

th!' nw^v • t^^^^ '^ accompanied by the ejection of an a particle (helium, atomic weight= 4.0)

rtnr-S u ^^^- decreases by 4. The italicized atomic weights are thus computed. Each pro-duct with Its radiation decays by an exponential law ; the product and its radiation consequently

Sflu"". ^ !^™^ '?'^- ^ = ^»^"'^' ^^^^re lo= radioactivity when t= 0, I that at the time t,ana A the transformation constant. Radioactive equilibrium of a body with its products existsWhen that body is of such long period that its radiation may be considered constant and the
decay and growth of its products are balanced.

International radium standard : As many radioactivity measures depend upon the purity of the
radium used, m 1912 a committee appointed by the Congress of Radioactivity and Electricity,
Jirussels, 1910, compared a standard of 21.99 mg. of pure Ra. chloride sealed in a thin glass tube
and prepared by Mme. Curie with similar standards by Honigschmid and belonging to The
Academy of Sciences of Vienna. The comparison showed an agreement of i in 300. Mme.
Curie's standard was accepted and is preserved in the Bureau international des poids et mesures
at Sevres, near Paris. Arrangements have been made for the preparation of duplicate standards
for governments requiring them.

TABLE 396.— Relative Phosphorescence E;:cltea hy Rallain.

(Becquerel, C. R. 129, p. gi2, iSgg.)

Without screen. Hexagonal zinc blende .

Pt. cyanide of barium .

Diamond
Double sulphate Ur and K
Calcium fluoride .

•3-36

1.99
1. 14
1,00

• 30

With screen 04
" '' °5

01
" " 3'

The screen of black paper absorbed most of the o rays to which the phosphorescence was greatly due.
column the intensity without screen was taken as unity. The y rays have very little effect.

TABLE 396,— The Fiodnctlon ol a Particles (Helium),

(Geiger and Rutherford, Philosophical Magazine, 20, p. 691, 1910.)

For the last

Radioactive substance (i gram.)



338 Table 398.

RADIOACTIVITY.

P^ I / 2 period^ time when body is one-half transformed. \^ transformation constant (see

previous page). The initial velocity of the a particle is deduced from the formula of Geiger
V*= aR where R= range and assuming the velocity for RaC of range 7.06 cm. at 20° is

2.06 X 10' cm. per sec, i.e. v= i.ojyr^/'.



Table 398 (««««««rf).- RADIOACTIVITY. 339
ft— coefficient of absorption for $ rays in terms of cms. of aluminum, «, of the y rays in cms. of

lead so that if Jo is the incident intensity, J that after passage through d cms., J = Joe-df.

URANIUM-RADIUM GROUP. |



540 Tables 399-401.

RADIOACTIVITY.

TABLE 399.— Stopping FowoTB ol Vailons Substances for a Rays.

s, the stopping power of a substance for the a rays is approximately proportional to the square
root of the atomic weight, w.

Substance



Tables 402-405. 34

1

RADIOACTIVITY.

TABLE 402. —Total Numlier ol Ions pioanced 1)7 the a, $. and y Rays.

The total number of ions per second due to the complete absorption in air of the $ rays due to i

gram of radium is 9 Xio", to the 7 rays, 13 Xio".

Tc'^^t
'°'^^ number of ions due to the a rays from i gram of radium in equilibrium is 2.56X10'^

If It be assumed that the ionization is proportional to the energy of the radiation, then the total
energy emitted by radium in equilibrium is divided as follows : 92.1 parts to the o, 3.2 to the 3, 47
to the 7 rays. (Rutherford, Moseley, Robinson.)

TABLE 403. — Amoimt of Radium Emanation. Curie.

At the Radiology Congress in Brussels in 1910, it was decided to call the amount of emanation
in equilibrium with i gram of pure radium one Curie. [More convenient units are the millicurie

(io-8Curie)andthemicrocurie(io-^Curie)]. The rate of production of this emanation is 1.24X10-^
cu. cm. per second. The volume in equilibrium is 0.59 cu. mm. (760 cm., CC.) assuming the emana-
tion mon-atomic.

The Mache unit is the quantity of Radium emanation without disintegration products which
produces a saturation current of 10-^ unit in a chamber of large dimensions, i curie= 2.5X10'
Mache units.

The amount of the radium emanation in the air varies from place to place ; the amount per cubic
centimeter of air expressed in terms of the number of grams of radium with which it would be in

equilibrium varies from 24X10—'* to 350X10—'*.

TABLE 404.— Vapoi Fiessuie ot tlie Radium Emanation in cms. of Mercur;.

(Rutherford and Ramsay, Phil. Mag. 17, p. 723, igog, Gray and Ramsay, Trans.

Chem. Soc. 95, p. 1073, '909-)

Temperature C°. —127° —101° —65° —56° —10° +17° +49° +73° +100° +104° (crit)

Vapor Pressure. 0.9 5 76 100 500 1000 2000 3000 4500 4745

TABLE 405. — References to Spectra of Radioactive Substances.

Radium spectrum : Demar^ay, C. R. 131, p. 258, 1900.

Radium emanation spectrum : Rutherford and Royds, Phil. Mag. 16, p. 313, 1908 ; Watson, Proc.

Roy. Soc. A 83, p. 50, igog.

Polonium spectrum : Curie and Debierne, Rad. 7, p. 38, 1910, C. R. 150, p. 386, igio.

Smithsonian Tables.



342 Table 406.

MISCELLANEOUS CONSTANTS (ATOMIC, MOLECULAR, ETC.).

Elementary electrical charge, charge on electron, 1/2 charge

on a particle,

Mass of an electron,

Radius of an electron,

Number of molecules per gram molecule.

Number of gas molecules per cc, 760""", o°C,

Kinetic energy of a molecule at o°C,

Constant of molecular energy, Eo/T,

Constant of entropy equation (Boltzmann),= R/N (

= poVo/TN= (2/3)6,

Elementary " Wirkungsquantum,"

Mass of hydrogen atom,

Radius of an atom,

Gas constant, R^ 22.412 7273. 1 for I gram molecule of an

ideal gas. Pressure in atmospheres, g= 980.6, vol. in liters.

e ^4.774X10-1" e. s. u. (M)

^1.519X10-^ e. m. u.

= 1.591X10-1^ coulombs

m = about 6X10-'^ grams.

1 ^about iXio-18 cm.

N =6.o6Xio2s gr-i (M)

n =2.70X10" (M)

Eo= 5.62X10-" ergs. (M)

£ =2.06X10—1° ergs /degrees

k =i.37Xio-K " "

h ^6.62X10—^' erg. sec.

= 1.64X10-^ gram.

^ about 10—8 cm.

R = .08207 'its'"- Atm /grm.

(M)

(M)

(M)



Table 407.

PERIODIC SYSTEM OF THE ELEMENTS.

343





APPENDIX.

DEFINITIONS OF UNITS.

1 is one tenth of the
ACTIVITY. Power or rate of doing work; unit, the watt.
AMPERE. Unit of electrical current. The international ampere, "which

cations" (see pages xxxvi, 261), "deposits silver at the rate of 0.001118 of a gram per

second."
The ampere = i couloinb per second = i volt through i ohm = io~' E. M. U. = 3 X

10 » E. S. U.* .

Amperes = volts/ohms = watts/volts = (watts/ohms) .

Amperes X volts = amperes* X ohms = watts.

ANGSTROM. Unit of wave-length = iQ-i" meter.

ATMOSPHERE. Unit of pressure.

English normal = 14.7 pounds per sq. in= 29.929 in. = 760.18 mm. Hg. 32° F.
' French " = 760 mm. of Hg. 0° C. = 29.922 in.= 14.70 lbs. per sq. in.

BOUGIE DECIMALE. Photometric standard; see page 178.

BRITISH THERMAL UNIT. Heat required to raise one pound of water at its temper-

ature of maximum density, i " F. = 252 gram-calories.

CALORY. Small calory = gram-calory = therm = quantity of heat required to raise one

gram of water at its maximum density, one degree Centigrade.

Large calory = kilogram-calory = 1000 small calories = one kilogram of water raised

one degree Centigrade at the temperature of maximum density.

For conversion factors see page 237.

CANDLE. Photometric standard, see page 178.

CARAT. The diamond carat standard in U. S. = 200 milligrams. Old standard = 205.3

milligrams = 3.168 grains.

The gold carat: pure gold is 24 carats; a carat is 1/24 part.

CARCEL. Photometric standard; see page 178.

CIRCULAR AREA. The square of the diameter = 1.2733 X true area.

True area = 0.785398 X circular area.
, u • .u .-^ r 1 ^ v

COULOMB. Unit of quantity. The international coulomb is the quantity ot electricity

transferred by a current of one international ampere in one second. = 10 ' E. M. U.

= 3Xio»E. S. U.
Coulombs = (volts-seconds) /ohms = amperes X seconds.

CUBIT = 18 inches.
, •, 1 j

DAY. Mean solar day.= 1440 minutes = 86400 seconds = 1.0027379 sidereal day.

Sidereal day = 86164.10 mean solar seconds.

DIGIT •!/4 inch; 1/12 the apparent diameter of the sun or moon.
, r .u

DIOPTER. Unit of "power" of a lens. The number of diopters = the reciprocal of the

DYNR^ CG. S^u'nft oTforce = that force which acting for one second on one gram pro-

duces a velocity of one centimeter per second.
_

= weieht in grams divided by the acceleration of gravity in cm. per sec.

FLECTROCHEMICAL EQUIVALENT is the ratio of the mass in grams deposited in an

electrolytic cell by an electrical current to the quantity of electricity.

ERG'^^(?"G."s.'u^k'of work and energy = one dyne acting through one centimeter.

Fli:AD''''vt?rorZcUZl''!!;^<^?y. The international farad is the capacity of a con-

denser charged to a potential of one international volt by one international coulomb

of electricity. = lo"' E. M. U. = 9 X 10" E.. S. U.

The one-millionth part of a farad (microfarad) is more commonly used.

Farads = coulombs/volts.

• E. M. U. = C. G. S. electromagnetic units. E. S. U. = C. G. S. electrostatic units.
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FOOT-POUND. The work which will raise one pound one foot high.

For conversion factors see page 237.

FOOT-POUNDALS. The English unit of work = foot-pounds/ g.

For conversion factors see page 237.

g. The acceleration produced by gravity.

GAUSS. A unit of intensity of magnetic field = I E. M. U. = i X lo-" E. S. U.
GRAM. See page 6.

GRAM-CENTIMETER. The gravitation unit of work = g. ergs.

GRAM-MOLECULE, = x grams where x = molecular weight of substance.

GRAVITATION CONSTANT = G in formula G ^' = 666.07 X lo-'» cm.'/gr. sec.«

For further conversion factors see page 237.

HEAT OF THE ELECTRIC CURRENT generated in a metallic circuit without self-

induction is proportional to the quantity of electricity which has passed in coulombs
multiplied by the fall of potential in volts, or is equal to (coulombs X volts)/4.i8l in

small calories.

The heat in small or gram-calories per second = (amperes^ X ohms)/4.i8i = volts'/

(ohms X 4.181) = (volts X amperes)/4.i8i = watts/4.181.

HEAT. Absolute zero of heat = -273.13° C, -459.6° Fahrenheit, -218.5° Reaumur.
HEFNER UNIT. Photometric standard; see page 178.

HENRY. Unit of induction. It is "the induction in a circuit when the electromotive force

induced in this circuit is one international volt, while the inducing current varies at

the rate of one ampere per second." = 10' E. M. U. = J X I0~'^ E. S. U.
HORSE-POWER. The practical unit of power = 33,000 pounds raised one foot per min-

ute. = 550ft. pds. per sec. = o. 746 kilowatt = 746 watts.

JOULE. Unit of work = 10' ergs.

Joules = (volts' X seconds) /ohms = watts X seconds = amperes' X ohms X sec.

For conversion factors see page 237.
JOULE'S EQUIVALENT. The mechanical equivalent of heat = 4.185 X 10' ergs. Set

page 227.

KILODYNE. 1000 dynes. About i gram.
LITER. See page 6.

LUMEN. Unit of flux of light-candles divided by solid angles.

MEGABAR. Unit of pressure = 0.987 atmospheres.
MEGADYNE. One million dynes. About one kilogram.

METER. See page 6.

METER CANDLE. The intensity lumination due to standard candle distant one meter.

MHO. The unit of electrical conductivity. It is the reciprocal of the ohm.
MICRO. A prefix indicating the millionth part.

MICROFARAD. One millionth of a farad, the ordinary measure of electrostatic capacity.

MICRON, (m) = one millionth of a meter.
MIL. One thousandth of an inch.

MILE. See pages 5, 6.

MILE, NAUTICAL or GEOGRAPHICAL = 6080.204 feet.

MILLI-. A prefix denoting the thousandth part.

MONTH. The anomalistic month = time of revolution of the moon from one perigee to

another = 27.55460 days.

The nodical month = draconitic month = time of revolution from a node to the same node
again = 27.21222 days.

The sidereal month = the time of revolution referred to the stars = 27.32166 days (mean
value), but varies by about three hours on account of the eccentricity of the orbit and
"perturbations."

The synodic month = the revolution from one new moon to another = 29.5306 days
(mean value) = the ordinary month. It varies by about 13 hours.

OHM. Unit of electrical resistance. The international ohm is based upon the ohm equal
to 10° units of resistance of the C. G. S. system of electromagnetic units, and "is repre-

sented by the resistance offered to an unvarying electric current by a column of mer-
cury, at the temperature of melting ice, 14.4521 grams in mass, of a constant cross

section and of the length of 106.3 centimeters." = 10' E. M. U. = | X I0~'^ E. S. U-
Intemational ohm = 1.01367 B. A. ohms = 1.06292 Siemens' ohms.
B. A. ohm = 0.98651 international ohms.
Siemens' ohm = 0.94080 international ohms. See page 272.

PENTANE CANDLE. Photometric standard. See page 178.

PI = IT = ratio of the circumference of a circle to the diameter = 3.14159265359.
POUNDAL. The British unit of force. The force which will in one second impart a veloc-

ity of one foot per second to a mass of one pound.
RADIAN = i8o°/7r = 57.29578° = 57° 17' 45" = 206625".

SECOHM. A unit of self-induction = i second X i ohm.
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THERM = small calory = quantity of heat required to warm one gram of water at its

temperature of maximum density one degree Centigrade.
1 HERMAL UNIT, BRITISH = the quantity of heat required to warm one pound of water

at its temperature of maximum density one degree Fahrenheit = 252 gram-calories.
VOLT. The unit of electromotive force (E. M. F.). The international volt is "the elec-

tromotive force that, steadily applied to a conductor whose resistance is one inter-

national ohm, will produce a current of one international ampere, and which is rep-

resented sufficiently well for practical use by 1000/1434 of the electromotive force

between the poles or electrodes of the voltaic cell known as Clark's cell, at a temperature
of 15° C and prepared in the manner described in the accompanying specification."
= 10^ E. M. U. = 1/300 E. S. U. See pages xxxiv and 261.

VOLT-AMPERE. Equivalent to Watt/Power factor.
WATT. The unit of electrical power = 10' units of power in the C. G. S. system. It is re-

presented sufficiently well for practical use by the work done at the rate of one Joule
per second.

Watts = volts X amperes = amperes^ X ohms = volts^/ohms (direct current or alter-

nating current with no phase difference).
For conversion factors see page 237.
Watts X seconds = Joules.

WEBER. A name formerly given to the coulomb.
YEAR. See page 109.

Anomalistic year = 365 days, 6 hours, 13 minutes, 48 seconds.

Sidereal " = 365 " 6 " 9 " 9-314 seconds.

Ordinary " = 365 " 5 " 48 " 46 +
Tropical " same as the ordinary year.
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For the definition of units, see Appendix.

„ ^ PAGE.a rays, absorptive powers for 340
definition and properties 337

Aberration constant 109
Absorption coefficient: air 181, 182

a-raya 340
P-rays 340
7-rays 340

,. , ,
X-rays .... 335,336

Apsorpton of gases by liquids . 144
Absorption of light: atmospheric . . . 181, 182

color screens 201
Jena glasses 199
various crystals .... 200

Acceleration of gravity 104-107
Aerodynamic data: soaring data 12S

wind pressures 124
Agonic line 116
Air: density . 162

masses 182
transmissibility for, of radiation . . 181,182
viscosity of 136

Air thermometer, comparisons 245
Air: transmissibility of, for radiation . . 181, 182
Alcohol: density 98-100

vapor pressure I49
viscosity 128

Alloys : densities 87
electrical conductivity of ... 277-280

resistance of 273-280
low temp. . . . 280

melting-points 222
specific heats .... .... 241
thermal conductivity 20s
thermoelectric powers 269

Alternating currents, resistance of wires for . . 297

Altitudes, determination of by barometer . . 169

of a few stations 183

Aluminum, resistance 284
wire table, English 292

metric 293

Alums: indices of refraction 187

Antilogarithms 26-28

Apex, solar motion no
Aaueous solutions: boiling-pomts 229

densities 92
alcohols 98-100

diffusion of 138
electrolytic conductivities 302-308

Aaueous vapor: pressure •.^•, • • 1S4-1SS"^
saturated, weight of .... 156
transparency 182

Astronomical data
1°?' JJ"

Atmnsohere. aqueous vapor in . . . . IS7, 182
Atmospnere,

^^g^iggi^jiity for radiation 181, 182

Atomic numbers 336

Atomic weights '"^

6 ravs, absorption coefficients . • • • • -340

laro'Settr: boiling temperature of water for va^

ri°''=''"8^J?rection'forcapiliari'ty" ." .'
. . 123

latitude, inch , . .121
metric . .122

sea level 120
temperature . . .119

heights, determination of, by . . 169

Batteries: composition, electromotive forces . . 262

Raum? scale: conversion to densities . • • • 8^

BfsSrresistance of, in magnetic field . . . 333

.VS-body" radiation 251

Romng-points: chemical elements 218
Boiling po"**^

inorganic compounds . . 219,220

organic compounds , . . 223-225

PAGE.
Boiling-point, raising of, by salts in solution . 219

of water and barometric pressure . 170
Brick, crushing strength of 68
Brightness of various lights 178
British weights and measures 7-10

V rays, absorption coefficients for 340
Cadmium line, wave-length of red 172
Candle, energy from 178
Candle power, standard 178
Calibration curves, for thermo-elements , , . 250

points, standard, for thermometer . 247
Capacity, specific inductive: crystals . . . ,314

gases 309
liquids .... 310
liquid gases . . .312
soUds 313

Capillarity, correction to barometer for ... 123
liquids 145-146
liquids near solidifying point . . . 146
salt solutions in water 145
thickness of soap films 146

Carcel unit . . . .
_ 178

Carrying capacity of wires 279
Cells, voltaic: composition, E. M. F. . . 262-263

double-fluid 263
secondary 263
single-fluid 262
standard 261, 263
storage 263

Chemical, electro-, equivalents 301
equivalent of silver . 261, 301

Chemical elements: atomic weights .... 3or
boiling-points 218
compressibility 73
conductivity, thermal . , 20S
densities 83, 91
electro-chemical equivalent3i30i
hardness 73
melting-points 217

' resistance, electrical . 274-276
specific heats . . . 238, 240
thermal conductivities . . 20s

expansion, linear . 232
Circular functions: argument (°0 32

(radians) ... 37
Coals, heat of combustion of 210
Cobalt, magnetic properties of 321
Color screens 201-202
Combination, heat of 212
Combustion, heat of: coals 210

explosives 211
fuels (liquid) 210
peats 210

Compressibility: chemical elements .... 73
gases 76-78, 164-168
liquids 79
solids So

Concretes: resistance to crushing 68
Conductivity* electrical: see Resistance.

alloys 277-279
alternating currents, effect of . 397
magnetic field* effect of . . . 333
electrolytic 302-308

equivalent . . , 305-308
ionic (separate ions) . . 308
specific molecular . . . 303

limiting values 304
temp'ture coef. . 304

glass and porc'l'n, temp'ture
coef 282

Conductivity, thermal: gases 207
liquids 207
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Conductivity, thermal: salt solutions .... 207
solids 20s
solids, higli temperature . 206
water .' ^V

Contact differences of potential .... 264-267
Convection, cooling by 252-253

Conversion factors for work units 237
Baum€ to specific gravities ... 81

Cooling by radiation, perfect radiator . . . .251
and convection . . 252-253

Copper wire tables 284-291
English units 286
metric units 289

Cosines, circular natural 32, 37
logarithmic 32,37

hyperbolic natural 41
logarithmic 4^

Cotangents, circular natural 32, 37
logarithmic . . . -32,37

hyperbolic natural 41
logarithmic 41

Critical data for gases 231

Crushing, resistance to: bricks 68
concretes 68
stones 63
timber, wood .... 69

Crystals: dielectric constant 314
elasticity 74-75
expansion, cubical thermal .... 234
indices of refraction 188-190
transmissibility for radiation . . . 200

Cubical thermal expansion: gases 236
liquids . . . .235
solids 234

Curie unit of radioactivity 34i
Current, absolute, measures 261

Cutting tools, lubricants for 126
Cyclic magnetization, energy losses in . . 322-32S

Declination, secular change of magnetic . . .in
Degrees, length of, on earth 108
Demagnetizing factors for rods 323
Densities in air, reduction to vacuo 82
Density: air: values of A7/60 162

alcohol: aqueous ethyl .... 98-99
methyl 100

alloys 87
aqueous alcohol 98-99

cane-sugar 100
salt, acid, basic solutions . . 92
sulphuric add 100

. chemical elements 83. 91
earth 108
gases 91
inorganic compoimds 219
liquids 90
mercury 97
metals 83
minerals 88
organic compounds , 223
water 94-96
woods 85

Dew points 148
Dielectric constant: (specific inductive capacity)

calibration, standards for . 313
crystals 314
gases, atm. pressure . . . 309

pressure coef. . . . 310
temperature coef. . 309

liquids 310-311
temperature coef . . 312

solids 313
Dielectric strength: air: alternating potential . 294

steady potential . . . 294
kerosene 296
large spark-gaps . . . 29s
pressure effect . . . 29S
various materi£Lls . . 296

Difference of potential:

^_ cells: double fluid 263
secondary 263
single fluid 262
standard 261,263
storage 263

contact: liquids-liquids in air . . 264
metals in salt solutions . 267
salts with liquids . . . 264
solids-solids in air . . . 266

Peltier 271
thermo-electric 268-270

platinum couples 269

Differential formulae 12

Diffusion: aqueous solutions, water .... 138
gases and vapors: coefficients . . . 140
metals into metals 140
vapors 139

Diffusion integral . 60
Diffusivities, thermal 208
Dip, magnetic ii3

secular change 1 13
Dispersion of Kerr Constant 331
Dynamical equivalent of thermal unit . . . 237

e, value of 14
epo, c-a;, and their logarithms 48
log. e^, X, from o to 10 48
e^ e—^, and their logarithms 54

eia:, e~*^, and their logarithms 55

^^x g—^-x, and their logarithms .... 55

—2— • ^^'^ ^^^ logarithms 41

eac—c—

x

41

Earth: data 108

densities 108
distance from sun 109
length of degrees 108
miscellaneous data loS

Elasticity: crystals 74-75
moduli of rigidity 71
modulus, Young's 72

Electric lights, efficiency of 179
Electrical conductivity: alloys .... 277-279

alternating current, effect of 297
magnetic field, effect of . . 333

Electrical resistance: see Conductivity.
metals and alloys, low temp. 280
ohm, various determinations 272
specific: metallic wires . . 273

metals 274
temperature coefficients . 276
temperature effect, glass . 282

Electricity, specific heat of 268

Electric units, dimensional formulae .... xxviii

Electrochemical equivalents 301, 261
silver , . 301, 261

Electrolytic conductivity: 302-308
dilute solutions .... 302
equivalent .... 305-308
ionic 308
specific molecular .... 303

limiting values 304
temp, coef . . 304

Electromagnetic system of units xxxi
Electromagnetic / electrostatic units= v ... 260
Electromotive force: cells: double fluid . . , 263

secondary . . . 263
single fluid .... 262
standard . . 261,263
storage 263

contact 264-266
liquids-liquids in air . . 264
metals in salt solutions . 267
Peltier 271
salts with liquids . . . 264
solids-soUds in air . . . 266
thermo-electric . . 268-270

(platinum) . 269
Elementary "Wirkungsquantum" . . . 251,342
Electrons, miscellaneous data 342
Elements: atomic weights 301

boiling-points 218
compressibility 73
conductivity, thermal . . . . 205
densities 83.91
electrochemical equivalents . . . 301
hardness 73
melting-points 217
periodic system 343
resistance, electrical .... 274-276
specific heats 238, 240
spectra (prominent lines) .... 172
thermal conductivities 205

expansion, linear .... 232
cubical, gases . . 236

Elliptic integrals 66
Emanation, radium 341
Emission of periect radiator 251
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Energy from candle ....
Equation of time ... • •

fcjquiUbrium, radioactive
..'*'"

iJ-Quwalent. electro-chemical: elements
*

ionic . .

Equivalent, mechanical, of heat \^ .

."

Energy, data relating to solar •
. . .entropy equation constant

Errors, probable . .
•

.

Fninl^J""*''*^' 1?"="*^^ e^^i'^y of 'aqueous
ii-ttinghausen effect .

Eutectic mixtures, melting-points' .'

li-xpansion, thermal: cubical, crystals .

liquids
solids .

linear, elements
various

Explosives, composition, etc. , .

'

Exponential functions: e^, e-^, their logs
log. e^,x=o-iQ .

e^"^, «—^2, their logs

e~i"^, e— -'i-x, their logs

178
no
337
301
302

261,301
237

181-183
342

56-59
. 98
. 334

222, 226
334
336
335
334
332
333

. 164
211

48
48
54

55

ef^-\-x-x
their logs .

55

41

diffusion integral . .

gudermanians
hyperbolic sines

cosines
cotangents
tangents .

.

logs, hyperbolic sines
cosines

41

60
41
41
41
41
41
41
41

cotangents 41
tangents . 41

probability integral 56, 57
Eye, sensitiveness of, to radiation 180

Fabry-Buisson, standard arc Fe wave-lengths . 172
Factorials «/ 1-20 47

gamma function, n=i to 2, . . . 62
logarithms, i-ioo 40

Fechner's law 180
Field: earth's magnetic field, components of 111-117

magnetic, behavior of metals in . 315-32S
resistance of metals in 333
rotation of plane of polarization 326-331
thermo-, galvanometric effects . . . 334

Films, thin: thickness, colors, tension of . 145-146
Fluorite: index of refraction 186
Formulae, conversion : dynamic units . 2

electric " 3
fundamental .... 2

geometric ... . 2

heat 3
magnetic 3
see Introduction.

Fraunhofer lines, wave-lengths of i77

Freezing mixtures 230
Freezing-points, lowering of, by salts in solution . 227

Frequency, oscillation constant, wireless tele-

graphy 298

Friction, coefficients of ^26

Fuels, heats of combustion of 210

Functions: circular arguments C°0 ..... 32
(radians) ... 37

exponential 48-61

factorials 40, 47. 62

gamma "^

hyperbolic 4i

Fundamental units 2

Fusion, latent heat of 216

Fusion of wires, carrying capacity 279

Galvanometric effects of magnetic field . . . 334
Gamma function 62

Gas constant 342
Gases: absorption of, by liquids .... 142. 144

atomic weights 30i
compressibility of 76-78
conductivity, thermal 207
critical data for 23

1

Gases: densities gr
dielectric constants 309, 310
diffusion 140
expansion of 164-168
expansion, thermal 236
heat, conductivity for , , 207
indices of refraction 193
magnetic susceptibility 332
magneto-optic rotation 330
refractive indices of 193
sound, velocity of, in 102
solubility of 142, 144
specific heats 243
thermal conductivity 207
thermal expansion 236
viscosity of 136
volume of (1+0.00376O .... 164-168

Gas thermometry 244-247
Gages, wire 283
Geodetic data 108
Geometric units, conversion factors for ... 2
Glass: indices of refraction 184

silica, specific heat 240
transmissibility of Jena 199

various . . . 201-202
electric resistance, temp, variation . , 282

Glass vessels, volumes of 11
Gravitation coristant 109
Gravity, acceleration of 104-106

correction to barometer 120
Gudermanians 41
Gyration, radii of 67

Hall effect 334
Hardness 73
Harmonics, zonal 64
Heat: combination, heat of . . . ^ . . . 212

combustion: coals 210
explosives 211
fuels hquid 210
peats 110

conductivity for: gases 207
liquids 207
sajt solutions .... 207
solids 205
solids, high temperature 206
water 207

diffusivities 20S
latent heat of fusion 2 16

vaporization , . 2 14, 254-259
mechanical equivalent of 237
specific: elements 238, 240

gases 243
liquids 241
mercury 239
minerals 242
rocks 242
solids 241
vapors 243
water 239

Heating effect, radium 337
"Heat, specific," of electricity 268
Hefner photometric unit 178
Heights determinations of by barometer . . , 169
Helium, — relation to radium . 337
Horizontal intensity of earth's field .... iis

secular change iis
Humidity, relative 160
Humidity term, 0.378^ 161
Hydrogen thermometer 244
Hyperbolic cosines, natural 41

logarithmic 41
Hyperbolic cotangents, natural 41

logarithmic . . . . 41
Hyperbolic sines, natural 41

logarithmic 41
tangents, natural 41

logarithmic 41
Hysteresis: soft iron cable transformer , . . 322

wire 322
steel, transformer 325
various substances 324

Iceland spar, refractive index of 186
Ice-point on thermodynamic scale 247
Inclination (dip) of magnetic needle . . . .113

secuar change of 113

Index of refraction: alums 187
crystals 185-190
fluorite 186
gases and vapors .... I93
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Index of refraction : glass 184
Iceland spar 186
liquids 192
metals 195-196
monorefringent solids , . 188
nitroso-dimethyl-aniline . 186
quartz 187
rock-salt 185
salt solutions 191
silvine 185
solids, isotropic .... 188

Inductive capacity, specific: calibration st'ds . . 313
gases, atm. pressure 309

pressure coef . 309
temp. coef. . 310

liquids 310
temp. coef. . 312

solids . . 313-314
Inertia, table of moments of 67
Inorganic compounds: boiling-points .... 219

melting-points . . . 219
Insulators, resistances 282

temperature coefficients . ... 282
Integral, diffusion ... 60

elliptic . . 56
gamm'a function 62
probability 54- 57-58

Integrals, elementary 12
Intensity, horizontal, of earth's field . . . .114

secular variation 1 14
total, of earth's field 115

secular variation irs,

Intrinsic brightness of various lights . 178
Ionization of water 308
Ionization, a, ^, y, rays . . . 337, 341

a 338
X-rays . .335

lons^ equivalent conductivity of 308
Iron: hysteresis in soft 322

magnetic properties of, weak fields . . .322
saturated . ,321

permeabilities 31S-320
standard arc lines, Fabry-Buisson . . . 172

secondary'istandards . 172
tertiary standards . .176

Joule's (mechanical) equivalent of heat . . - 237

Kerosene, dielectric strength , 296
Kerr's constant 331
Kerr's constant, dispersion of . 331
Kundt's constant 330

definition of . 330

Lamps, efficiency of various electric .... 179
Latent heat of fusion ... 216

vaporization . . . .214,254,255
Latitude correction to bcirometer . . 121-122
Latitudes of a few stations 117, 183
Least squares . . 56-59
Legal electrical units xxxviii
Leduc thermomagnetic effect 334
Light: indices of refraction 184-196

reflection of; function of "«" . . . .197
metals 195-198

sensitiveness of eye to 180
transmissibility to, of substances . 199-202
polarized : rotation of plane by solutions . 203

rotation, magneto . . 326-331
wave-lengths: cadmium st'd line . . . 172

elements, brighter lines . 172
Fraunhofer lines .... 177
st'd iron arc, Fabry . . . 172

solar, Rowland . . .173
velocity of 109

Lights, brightness of various 178
efficiency of electric 179
visibility of white 178

Linear thermal expansion coef. of elements . . 232
various . . . 233

Liquids: absorption of gases by 144
capillarity of 145-146
compressibility of 79-80
conductivity, thermal 207
densities 83, 90, 94-100
dielectric constants 310-312
dielectric strength 296
diffusion, aqueous solutions .... 138
expansion, thermal 235
fuels, heat of combustion 210

magnetic susceptibility 332

Liquids: magneto-optic rotation 328
potential differences with liquids . . 264

metals . . . 267
salts . . . 264

specific heats 241
surface tensions 145-146
thermal conductivity 207

exp^sion 235
vapor pressures . .... 147-15S
velocity of sound 102
viscosity . . 129-130

Logarithms ... . 26
1000-2000 . . 24
anti- 28

.9000-1.0000 30
Longitude of a few stations 117,183
Lowering of freezing-points by salts .... 227
Lubricants for cutting tools 126
Lunar parallax . 109

Mache radioactivity unit 341
Madaurin's theorem 12
Magnetic field: bismuth, resistance in . . . 333

Ettingshausen effect .... 334
galvanomagnetic effects . . . 334
Hall effect 334
Leduc effect . 334
Nemst effect 334
nickel, resistance in 333
optical rotation .... 326-331
resistance of metals in ... . 333
thermo-magnetic effects . . . 334

Magnetic observatories, magnetic elements . .117
Magnetic properties: of cobalt at 100° C . . . 321

iron : hysteresis . 322-325
permeability

315-317,320-321
saturated . . . 321
weak fields . . . 322

magnerite 321
nickel at 100° C . . . 321

Magnetic susceptibility, liquids, gases . . 332
Magnetic units, conversion formulae .... 3
Magnetism, terrestrial: agonic line . . .116

declination iii
dip 113
horizontal intensity . 114
inclination 113
intensity, horizontal . 114

total . . . .115
observatories . . . .117

Magneto-optic rotation 326-331
Masses of the earth and planets no
Materials, strength of: bricks . 68

concrete .... .68
metals .... .68
stones 68
timber .... 69-70
woods ... . 69-70

Mechanical equivalent of heat 237
Melting-points: chemical elements 217

eutectics
. 226

inorganic compounds . . . 219
minerals 226
mixtures (alloys) 222

(low melting-points) . 222
organic compounds 223
pressure effect 221

Meniscus, volume of mercury 123
Mercury: density of 97

electric resistance of ... . 273-274
meniscus, volume of 123
pressure of columns of . . . . 118
specific heat 239
vapor pressure 151

Metals: diffusion of, into metals 140
indices of refraction 195-196
optical constants 195-196, 198
potential differences with solids . . . 266

soluUons . . 267
reflection of light by ... . 195-196,198
refractive indices 195-196
resistance, electrical .... 273,284-293

specific 274
sheet, weight of . 89
transparency of 195

Metallic reflection 195-196,198
Methyl alcohol, density of aqueous 100
Metric weights and measures: British equiv. . 7-10

, , . . , U. S. equivalents 5-6
Mmerals, densities of 88
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Minerals, specific heats of 2d2
Mixtures, freezing ,,oModuU of elasticity: rigidity 71
n, , , ,

Young's ! 72
Molecular conductivities: equivalent . . 305-308

Molecular magnitudes
.'"^"^

. ! !
" ^"'l!^Molecules per cu. cm. gas . . . %J2Moments of inertia ... '

67Monthly temperature means .*!!'"' 183Moon s light and radiation ', ' no
Musical scales

! ! 103

Nemst thermo-magnetic difference of potential . 334Neutral pomts, thermo-electric .... 268-260
Newton s rings and scale of colors 204
Nickel: Kerr's constants for 331

magnetic properties of, at 100° C . . ! 321
resistance in magnetic field 333

Nitroso-dimethyl-aniline, refractive index . . 186
Numbers atomic ... i^a
Nutation !!'.!'. 109

Observatories, magnetic, elements 117Ohm, various determinations of 272
legal value 272

Oils, viscosity of 128
Organic compoimds, boiling-points . . .' 223-224

densities 223-224
^ .„ .

melting-points . . . 223-224
Oscillation constant, wireless telegraphy . . ,298

Parallax: solar; lunar 109
Parallax: stellar ' no
Peltier effect 268'. 271
Pendulum, length of seconds 107
Periodic system of the elements 343
Permeabilities, magnetic . . . 31S-317, 320-321
Phosphorescence from radio-active bodies . . 337
Photometric standards 178
Pi, IT, value of 12
Planck's radiation formula 251
Plane, data for the soaring of a 12S
Planetary data no
Planets, miscellaneous data no
Platinum resistance thermometer 247
Poisson's ratio 73
Polarized light: by reflection 19?

by metallic reflection . . 195
rotation by magnetic field 326-33

1

solutions . . . .203
Potential difference: cells: double fluid . . .263

secondary .... 263
single fluid .... 262
standard . . . 261, 263
storage .... 263

contact; liquid-liquid . . 264
liquid-salt . . . 264
metal-liquid . . 267
solid-solid . . . 266

sparking: air . . . 294-29S
kerosene . . . 296
various .... 296

thermoelectric . . . 268-271

Precession io9

Pressure: barometric measures .... 119-123
barometric and boiling water . 170-171

heights 169

mercury columns, due to . . . .118
water columns, " " 118

wind 124

Pressure effect on melting-points 221

solubihty ....... I43

Pressure, vapor: alcohol, ethyl and methyl . . 149
aqueous i54~iSS

in atmosphere . . . i57

mercury ^Si

salt solutions iS2

various 147-iSS

Probable errors ?2ll?
ProbabUity tables S0-S9

Purldnje's phenomenon ^**"

Quartz fibers, strength of 68

refractive index of ^°'

specific heat ^4°

Radiation: black-body 251

constants of ^Si

cooling by, and convection . . 252-253

eye, sensitiveness of , to . . • . • 180

Kadiation: Planck's formula 251
resistance, wireless telegraphy . . 300
sensitiveness of the eye to . . . .180
" solar constant " of 181
solar, monthly change 183
Stefan's formula 25

1

transmissibility of atmosphere to 181, 182
Radii of gyration .'67
Radio-activity 337-341
Radium 337-341
Radium emanation 337-341
Radio-active equilibrium 337
Reflection of light: by metals . . . 195, 196, 198

terms of "«" and "»'"
. 197

various substances . . 198
Refraction, indices of: alums 187

crystals .... 185-190
fluorite 186
gases and vapors . . . 193
glass 184
Iceland spar 186
liquids '. . 192
metals 195-196
monorefringent solids . 188
nitroso-dimethyl-aniline . 186
quartz 187
rock-salt 185
salt solutions .... xgi
silvine 185
solids, isotropic .... 188

Relative humidity 160
Resistance: see also Conductivity.

alloys, low temperature .... 280
alternating current, effect of . . . 297
aluminum 284
copper 284
electrolytic, see Conductivity.
glass and porcelain 282
legal unit of 272
magnetic field, of bismuth in . . . 333

metals in . , . 333
nickel in ... 333

metals at low temperatures . . 280
ohm, various determinations of . . 272
platinum, thermometer 247
radiation, wireless telegraphy . . 300
specific: metals 274-276

wires 273, 286-293
temperature variation 276, 280, 282, 285

Rigidity, modulus of 71
temperature variation . . 71

Ring correction (magnerization) 317
Rock-salt, indices of refraction .... . 185
Rods, demagnetizing factors for . .... 323
Rontgen rays 335-336

ray spectra 336
Rotation of polarized light: by solutions . . . 203
Rotation, magneto-optic: formulae 326

gases 330
Kerr's constant . . 331
liquids 328
solids 327
solutions 329
Verdet's constant 326-330

Rowland's standard wave-lengths 173

Salts, lowering of freezing-point by . , . . . 227
raising " boiling- " " 229

Saturation, magnetic, for steel 321
Scales, musical 103
Screens, color 201-202
Seconds pendulum 107
Secondary batteries 263
Sections of wires 283
Shearing tests of timber 69-70
Sheet metal, weights of 89
Silica glass specific heats ' 240
Silver, electro-chemical equivalent . . , 261, 301
Silvine, indices of refraction 185
Sines, natural and logarithmic, circular . , 32-40

hyperbolic. , 41-47
Sky-light, comparison with sunlight .... 182
Soaring of planes, data for 125
Solar constant of radiation 181

distance from earth 109
energy, data of 181-183
motion no
parallax 109
radiation monthly change 183
spectrum 181, 183
temperature 181
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Solar wave-lengths, Rowland's I73
Solids : compressibility 73. 80

densities 83-87
dielectric constant 313
electrical resistance 272-297
hardness 73
indices of refraction ... . 185-190

' magneto-optic rotation by 327
thermal conductivity 205-206

expansion ... . 232-234
Solubility gases 142

pressure effect I43
salts 141

Solutions: boiling-point, raising by salts in . . 229
boiling-points of aqueous .... 229
conductivity, thermal 207

electrolytic . . 302-308
densities of aqueous . . 92-93, 98-100
diffusion of aqueous 138
freezing-points, lowering by salt . 227

of aqueous .... 227
indices of refraction ... . 191
magneto-optic rotation of .... 329
potential (contact) differences . 264-267
specific heats 241-242
surface tensions . . 145
viscosities . . 131-135

Sound, velocity of, in solids .... . . lor
liquids and gases . . . 102

Sparking potentials .... 294-296
Specific gravity, see Density.

heat of air . . . . 243
elements 238, 240
gases . . . ... 243
liquids 241
mercury ... . 239
minerals and rocks . . . 242
platinum . 240
quartz . . . . . . 240
silica glass . 240
solids . . . .241
vapors . 243
water ... ... 239

" Specific heat of electricity " 268
Specific inductive capacity : gases . . 309-310

liquids . . . 310-312
solids 313

molecular conductivities .... 303-304
resistance 273-276
viscosity: gases and vapors . 136-137

liquids and oils . . 128-130
solutions 131-13S

Spectra: elements, brighter lines 172
iron, Fabry-Buisson 172
Rontgen ray 336
solar, Fraunhofer lines 177

Rowland's measures 173
Squares, least, tables 47-49
Standard calibration temperature 247
Standard cells 261-263

wave-lengths: Fabry-Buisson . . 172
primary . , . . 172
Rowland ... .173
secondary 172
tertiary .... .176

Standards, photometric . . 178
Stars, distance of no
Stars, parallax no
Stars, velocities of no
Steam tables : metric units . 254

common " 25S
Steel: magnetic properties: hysteresis . 319. 322-325

permeabilities 3 15-322
Stefan-Boltzmann radiation formula .... 251
Stellar velocities no
Stone: strength of 68

thermal conductivity 205
Storage batteries 263
Strength of materials: bricks 68

concrete 68
metals 68
stones 68
timber, woods . . . 69-70

Sugar, densities aqueous solutions 100
Sulphuric acid, densities aqueous solutions . , 100
Sun : constant of radiation 181

disk; distribution of intensity 181

distance from earth 109
light; ratio to sky-light 182

magnitude no
motion iJO

Sun: parallax 109
radiation i8x
spectrum I73. i8x
temperature 181

Surface tension 145-146
Sylvine, refractive indices 185

Tangents circular, natural 32, 37
logarithmic 32, 37

hyperboUc natural 41
logarithmic 41

Taylor's series 13
Telegraphy, wireless 298, 300
Temperature, critical, for gases 231

resistances for low 280
resistance coefficients . . . 276-285
sun's 181
thermodynamic 247

Temperatures, mean monthly 183
Tensile strengths 68-70
Tension, surface 145-146

vapor, see Vapor pressure.
Terrestrial magnetism: agonic line 116

declination, secular change in
dip 113

secular change . . . 1 13
horizontal intensity . . .114

secular change 114
inclination 113

secular change 113
observatories 117
total intensity . . . .115

secular change 115
Thermal conductivities: gases 207

liquids ...... 207
salt solutions -'

, . . 207
solids 205
soUds, high temperature 206
water 207

Thermal diffusivitiea 208
Thermal expansion: cubical: crystals .... 234

gases 236
liquids .... 235
soUds 234

linear: elements .... 232
various 233

Thermal unit, dynamical equivalent .... 227
Thermodynamic ice-point 247
Thermodynamic scale of temperature .... 247
Thermo-dectricity 268-271

Peltier effect .... 268, 271
Thermo-elements, calibration curves .... 250
Thermo-magnetic effects 334
Thermometer: air-i6, 0° to 300° C 245

59. 100° to 200° C , , . . 24S
high-temperature-59 . . . 246

hydrogen-i6, 0° to 100° C . . . 244
16, 59. -5° to -35° C . 244
59. 0° to 100° C , . . 244
various ...... 246

platinum resistance 247
standard calibration points . . 247

Thermometer stem correction .... 248-249
Thomson thermo-electric effect 268
Timber, strength of 6^-70
Time equation of no
Time, sidereal, solar 109
Tools, lubricants for cutting 126
Transformation points, minerals 226
Transformer-iron, permeability of . . 31S-316, 320

steels, energy losses in . . 322-325
Transmissibility to radiation: atmospheric . i8z, 182

crystals .... 200
glass 199
water .... 202

Trigonometric functions: arguments (°0 ... 32
(radians) . 37

United States weights and measures, conversion
to metric units 5-6

Units of measurement: definitions, see Appendix.
conversion factors .... 2-3
discussion, see Introduction.

photometric 178
ratio of electro-magnetic to static . . . 260

V, ratio of electro-magnetic to -static units . . 260
Vacuo, reduction of densities 82

weighings 82
Vapor, aqueous: vapor pressure .... 154-155

pressure of, in atmosphere . . 157
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Vapor, aqueous: relative humidity i6o
„ . ^. ,

(saturated) weight of . . . .156
Vaporization, latent heat of 214
«r , .

for steam . . 254,255
Vapors: densities .91

diffusion of [ 139, 140
indices of refraction '

193
pressures: alcohol, ethyl, methyl . . .149

aqueous IS4-I5S
mercury 151
salt solutions 152
various 147-1SS

specific heats 243

veiocitylJ/S'' : : : : : : ; : : ""^I^J
sound; in gases and liquids . . .102

solids loi
stars no
sun no

Verdefs constants: Verdet and Kundt's . , .330
gases 330
liquids 328
solids . . 327
solutions, aqueous .... 329

Viscosity: alcohol in water 128
gases 136-137
liquids 128-129
vapors 138-137
water: temperature variation . . .127
specific: gases ...... 136-137

oils 128
solutions 131-135
vapors 136-137
water: temp, var 127

Visibility of white lights 178
Voltaic cells: composition, E. M. F. . . 262-263

double-fluid 263
secondary 263
single-fluid 262
standard 261, 263
storage . . 263

Volts, legal (international) , . . xxxvi, 261
Volume of mercury meniscus 123
Volumes: critical, for gases . . .... 231

gELSes 164
glass vessels, determinations of . . . 11

Water: boiling-points for various pressures:
common measures . .170
metric measures . .171

densitieSt temperature variation . . 95i 96

Water: ionization of 309
solutions in : boiling-points . . . . 228

densities .... 92, 98-100
diffusion 138
electrolytic conduction 302-308

solutions of alcohol, densities . . . 98-100
thermal conductivity 207
transparency of -. . . . 202
vapor pressure 154-155
vapor, pressure of, in atmosphere . . . 157

(saturated) weights of . , . .156
transparency of 181

viscosity: absolute, temp, var 127
specific, temp, var 127

Wave-lengths: cadmium red line 172
elements, brighter lines .... 172
Fabry-Buisson iron arc lines . . 172
Fraunhofer lines 177
iron lines, Fabry-Buisson . . . 172
primary standards 172
Rowland's solar lines .... 173
secondary standards 172
solar lines (Rowland) . . . .173
tertiary standards 176
wireless telegraphy . . . 298-300

Weighings-reduction to vacuo 82
Weights and measures: British to metric . . 9-10

metric to British . . . 7-8
metric to U. S. ... 6
U. S. to metric . . . s

Weights of bodies 67
Weights of sheet metal 89
Wind pressures 124
Wire gages . ; 283
Wire tables, aluminum English 292

" metric 293
copper English 286

" metric 289
Wires, carrying capacity of ....... 279
Wireless telegraphy 298-300
Woods: densities of .85

strength of 69-70

X-rays 335-336

Yearly temperature means 183
Young's modulus of elasticity 72

Zero, thermodynamic ice-point 247
Zonal harmonics 164
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